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ENDEMIC GOITER 


The prevalence of endemic goiter has de- 
creased so markedly in the United States in 
recent years that it now receives relatively 
little attention. In Michigan, for example, 
38.6 per cent of school children showed goiter 
in 1924 and only 1.4 per cent in 1951 (B. E. 
Brush and J. K. Altland, J. Clin. Endocri- 
nol. Metab. 12, 1380 (1952)). In Ohio the 
incidence of goiter has recently been found 
to have declined from 32.3 per cent in 1925 
to 4.0 per cent in 1954 (G. J. Hamwi, A. W. 
Van Fossen, R. E. Whetstone, and I. Wil- 
liams, Am. J. Pub. Health 45, 1344 (19565)). 

Although the widespread use of iodized 
salt is believed to have had a major influence 
in the decline of goiter in the United States, 
other factors were also involved. A food 
marketing system has developed which in- 
troduces food from areas with adequate 
iodine into those in which it is deficient. 
There have also been trends toward an in- 
creased consumption of sea food and other 
changes in dietary habits which might be 
expected to reduce the likelihood of iodine 
deficiency. 

While endemic goiter is no longer a major 
problem in the United States, it is still a 
widespread public health menace in many 
other parts of the world. It is characteristic 
that the true prevalence of goiter is rarely 
suspected until specific surveys are done, 
and thus not all goitrous areas have been 
identified. This has been the recent experi- 
ence of a number of Latin American coun- 
tries which did not recognize their serious 
goiter problem until surveys were done. In 
the Central American area, the incidence of 
goiter in the rural school children of El Sal- 
vador was found to be 29 per cent (A. Cabe- 
zas, T. Pineda, and N.S. Scrimshaw, Am. J. 
Pub. Health 43, 265 (1953)), in the school 
children of Honduras, 29 per cent (E. A. 
Borjas and Scrimshaw, Jbid. 44, 1411 


(1954)), in adults in one province in Panama, 
47 per cent (J. M. Reverte, Arch. Med. Pana- 
menos 3, 121 (1954)), in school children in 
Costa Rica, 17 per cent (C. Pérez, A. Sala- 
zar-Baldioceda, O. B. Tandon, and Scrim- 
shaw, Am. J. Pub. Health 46, 1283 (1956)), 
in children and adults in Guatemala, 38 per 
cent (J. A. Mufioz, Pérez, and Scrimshaw, 
Am. J. Trop. Med. Hyg. 4, 963 (1955)) and 
most recently in the population of Nicara- 
gua, 28 per cent (A. Arce Paiz and Pérez, 
Boletin Sanitario de Nicaragua, p. 53, July 
1956). 

In South America the incidence in the 
school children of Colombia has been re- 
ported to be 53 per cent (J. Géngora y Lé- 
pez, N. Young, and A. Iregui Borda, Revista 
de Higiene (Colombia) 24, 291 (1950)). In 
Peru, 8. T. Salazar (‘““Bocio Endémico en el 
Pert’, Lima, Peru (1952)) finds an incidence 
of 36 per cent in men and 64 per cent in 
women. Endemic goiter is also known to be a 
public health problem in areas of Argentina, 
Brazil, Bolivia, Chile, Ecuador, Mexico, 
Paraguay and Venezuela (N. 8. Scrimshaw, 
Bol. Of. San. Pan. 34, 277 (1954)). 

Authoritative information on the public 
health consequences of goiter is much more 
difficult to obtain than incidence figures. 
The reports cited above from Panama and 
Peru mention that cases of cretinism were 
observed. In most of these countries the 
incidence of deaf-mutism and feeble-minded- 
ness is reported to be relatively high, but no 
causal relationship to endemic goiter has 
been definitely proved. Direct evidence of 
the adverse consequences of endemic goiter 
has come from Australia, where F. W. 
Clements (Med. J. Australia, p. 894, Dec. 4, 
1954) has observed an increased incidence of 
thyrotoxicosis in goitrous areas and a drop 
in thyrotoxicosis paralleling a drop in en- 
demic goiter. Since J. E. Sokal (J. Am. Med. 
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Assn. 154, 1321 (1954)) has shown that thy- 
roid cancer arises more frequently in toxic 
than in nontoxic goiter, the sequence of at 
least some of the cases of endemic goiter 
would seem to be the development of thyro- 
toxicosis and subsequently of cancer. 

There is abundant evidence that adding 
very small quantities of iodine to salt is 
effective in eliminating goiter as a public 
health problem. The classic studies in 
Switzerland are generally considered to have 
established this point (H. Eggenberger, 7'r. 
Third International Goitre Conference (1938)). 
Iodized salt has played an important role in 
reducing goiter in Michigan and Ohio. In the 
Ohio study, children not receiving iodized 
salt had nearly twice the incidence of en- 
larged thyroid glands (6.06 per cent) as chil- 
dren whose history showed regular usage of 
the iodized product. In an earlier survey in 
Michigan, O. P. Kimball (Ohio State Med. J. 
35, 705 (1939)) found that the over-all inci- 
dence of goiter in children had dropped from 
38.6 per cent in 1924 to 8.2 per cent, while 
in those using iodized salt regularly it was 
only 2.9 per cent. 

Any doubts as to the effectiveness of salt 
iodization should be removed by the results 
obtained in the department of Caldas, 
Colombia (J. Géngora y Lépez and F. 
Mejia, Caicedo, Med. y Cirugia (Colombia) 
16, 357 (1952)), where the use of salt 
iodized at a level of 1 part of iodine in 20,000 
parts of salt caused the incidence of goiter in 
school children to drop from 83 per cent to 
34 per cent in two years. H. H. Stacpoole 
(Bull. World Health Organization 9, 283 
(1953)) showed that there was a drop in 
goiter incidence in a district in Mexico when 
candies containing 10 mg. of potassium io- 
dide were given weekly to school children. 

In field trials carried out by INCAP 
(N. 8. Scrimshaw, A. Cabezas, F. Castillo, 
and J. Méndez, Lancet I, 166 (1953)) a tablet 
was given weekly to simulate the approxi- 
mately 5 mg. of iodine ingested when salt is 
iodized at the level of 1 part in 10,000. Con- 
trol groups given a placebo showed no 
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change in incidence. These studies, carried 
out in 661 children in El Salvador and 159 
in Guatemala, showed both potassium iodide 
and potassium iodate to be effective in low- 
ering markedly the incidence of goiter in 
school children. The average incidence of 
goiter, which varied initially from 30 to 55 
per cent, decreased 42 per cent in fifteen 
weeks in El Salvador and 65 per cent in 
twenty-five weeks in Guatemala. 

These observations are particularly sig- 
nificant since they suggest that potassium 
iodate, which is more stable than potassium 
iodide, would be a suitable vehicle for adding 
iodine to salt in underdeveloped areas. For- 
merly the iodization of salt with potassium 
iodide required that the salt be dry and free 
of impurities and that after the addition of 
stabilizing chemicals, it be packed in mois- 
ture-proof containers. While this procedure 
has proved suitable for the marketing of salt 
in highly developed countries, it is imprac- 
tical for the areas in which most of the salt 
used is both crude and moist. The stability 
of potassium iodate in a crude moist table 
salt has been confirmed by G. Arroyave, O. 
Pineda, and N. 8. Scrimshaw (Bull. World 
Health Organization 14, 183 (1956)). Potas- 
sium iodate can be mixed directly with crude 
salt without any special storage precautions, 
thus making the iodization of salt practical 
in tropical and other underdeveloped areas 
which are likely to have adverse conditions 
for salt conservation and marketing. 

Recently the (United States) Food and 
Drug Administration has authorized not 
only potassium iodate but also calcium, so- 
dium and magnesium iodate for use in min- 
eral mixtures and feeds for animals. Such use 
has not yet been approved in the United 
States for human consumption, but this step 
is expected to follow shortly since work of 
M. M. Murray (Bull. World Health Organi- 
zation 9, 211 (1953)) in England and in the 
National Institutes of Health (J. M. Hund- 
ley, personal communication (1955)) indicates 
a margin of safety for iodate similar to that 
for iodide. In the meantime, on the basis of 
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the recommendations of the WHO Study 
Group on Endemic Goiter (Bull. World 
Health Organization 9, 293 (1953)), the 
Third Conference on Nutrition Problems 
in Latin America, jointly sponsored by FAO 
and WHO (FAO Nutrition Meetings Report 
Series No. 8, Rome (1954)) and the Fourth 
Meeting of the Joint FAO/WHO Expert 
Committee on Nutrition (FAO Nutrition 
Meetings Report Series No. 9, Rome (1955)), 
Guatemala has begun the iodization of salt 
with potassium iodate and a number of 
countries are planning to initiate salt iodiza- 
tion with this compound in the near future. 
In the long run calcium iodate may become 
the compound of choice since it is even more 
stable, gives promise of being cheaper and 
is equally effective. 

Each of the international conferences to 
discuss the subject has considered the safety 
of prophylaxis with iodized salt as beyond 
question. The WHO Study Group on En- 
demic Goiter (loc. cit.) pointed out that “In 
no country in which iodine prophylaxis has 
been used on a community scale, has this 
measure had any adverse effects on the 
health of the population.” The Third Con- 
ference on Nutrition Problems in Latin 
America (loc. cit.) further noted that “‘. . . all 
reports of unfavorable effects which have 
been investigated have proved to be false 
or explainable on the basis of coincidence.” 
The Joint FAO/WHO Expert Committee 
on Nutrition (loc. cit.) agreed “that there was 
no reason to expect any undesirable effects 
from the introduction of salt iodized at any 
of the levels referred to. . .” 

Each of the three international meetings 
mentioned has also accepted the following 
statement on the etiology of endemic goiter: 
“The immediate cause of simple goiter is 
failure of the thyroid gland to obtain a sup- 
ply of iodine sufficient to maintain its normal 
structure and function. This failure is 
usually brought about by an absolute en- 
vironmental deficiency of iodine; it may also 
be caused by factors which interfere with 
the availability of dietary iodine or which 
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impose an abnormal demand on the thyroid 
gland.””’ Upon occasion historica] records 
which make little or no mention of goiter 
have been cited as evidence that endemic 
goiter was absent in a given place at some 
previous time. These references have been 
used in turn to “prove’’ that endemic goiter 
behaves like an infectious disease by appear- 
ing suddenly’ in areas in which it was not 
formerly present. The evidence cited to 
support this belief does not, however, stand 
up under critical and informed evaluation. 

On the other hand, there is no doubt that 
goitrogenic factors exist which can increase 
the need for dietary iodine. As has been re- 
viewed in detail by M. A. Greer (Physiol. 
Rev. 30, 513 (1950)), plants of the family 


_ Brassicae often contain a factor which in- 


creases the physiologic demand for iodine. 
F. W. Clements (Med. J. Australia, p. 369, 
Sept. 3, 1955) has recently cited evidence to 
show that milk from cattle fed on one of the 
Brassicae (thousand-headed kale) has con- 
tributed to the incidence of endemic goiter 
in school children in Tasmania. There is also 
evidence that persons consuming “hard” 
water are more likely to develop goiter (M. 
M. Murray, J. A. Ryle, B. W. Simpson, and 
D. C. Wilson, Med. Res. Council (London) 
Memorandum No. 18 (1948)). 

H. Haubold (Verhandl. deutsch. Ges. inn. 
Med. 57, 112 (1951)) has demonstrated that 
vitamin A deficiency may be associated with 
an increase in goiter. However, in recent 
INCAP studies in Guatemala, vitamin A 
was given daily to school children among 
whom the prevalence of goiter was approxi- 
mately 40 per cent and whose diets were 
relatively deficient in vitamin A activity. 
The administration of 5000 1.v. of vitamin 
A in oil for twenty-three weeks and of 15,000 
for ten weeks failed to produce any detect- 
able decrease in the prevalence of goiter. 

Without attempting a complete review of 
the world incidence of endemic goiter such 
as is now being prepared by the World 
Health Organization, it can be concluded 
from the evidence cited that endemic goiter 
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is still an important nutritional and public 
health problem in many areas of the world, 
including most of the countries of the 
Western hemisphere. The cosmetic and sur- 
gical consequences of endemic goiter are 
obvious, and the relationship of goiter to 
cretinism, thyrotoxicosis and thyroid carci- 
noma has been demonstrated. A correlation 
between the frequency of endemic goiter and 
the incidence of deaf-mutism and feeble- 
mindedness has been repeatedly mentioned, 
but satisfactory evidence for such a conclu- 
sion is still lacking. 

When the incidence of endemic goiter in 
an area exceeds 10 per cent, salt should be 
iodized. The level and method of iodization 
has been discussed in detail by the Third 
Conference on Nutrition Problems in Latin 
America (loc. cit.). Present evidence suggests 
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that, in this hemisphere at least, a level of 
not less than 1 part of iodine in 20,000 of salt 
nor more than 1 part in 10,000 should be 
employed. Through the use of potassium or 
calcium iodate, crude moist salt can be 
iodized without special handling and pack- 
aging. The number of countries in which 
iodized salt is required by law can be ex- 
pected to increase sharply in the near future. 
N. 8. ScrimsHaw 
Regional Advisor in Nutrition 
Pan American Sanitary Bureau 
(Regional Office for the Ameri- 
cas of WHO) 
and Director of the Institute of 
Nutrition of Central America 
and Panama (INCAP) 
Guatemala, C. A. 


METABOLISM AND OBESITY 


Studies of experimental obesities have 
indicated that these can be divided into two 
general classes (J. Mayer, Nutrition Abstr. 
and Rev. 25, 597 (1955)). The “regulatory” 
obesities are the forms in which there is an 
abnormality of the central mechanism regu- 
lating food intake so that the energy intake 
of the animal is greater than its expenditure. 
This in turn may cause a number of meta- 
bolic changes secondary to the hyperphagia. 
Examples of such “regulatory” obesities are 
the surgically induced hypothalamic obesi- 
ties in the cat, rat, mouse, etc. and goldthio- 
glucose induced hypothalamic obesity in the 
mouse. By contrast, ‘“‘metabolic’’ obesities 
are incurred when an abnormality in the 
metabolism of non-nervous tissue causes the 
animal to become obese as a secondary con- 
sequence of the metabolic abnormality. 
Examples of this second class are mice with 
the hereditary obese-hyperglycemic syn- 
drome, mice bearing ACTH-secreting tu- 
mors, etc. 

In man, such a typing of obesity has not 
been attempted systematically yet. Even 
the studies of metabolic abnormalities, 
whether primary or secondary to the obesity, 


have hardly been attempted. The report of 
B. E. Hawthorne, W. D. Brewer, and Mar- 
garet A. Ohlson (J. Nutrition 60, 391 (1956)) 
on determination of energy expenditure, 
serum lipids, blood glucose and pyruvic acid 
in groups of overweight, underweight and 
normal weight women is therefore of par- 
ticular interest. 

Three groups of seven women each were 
used. The ages varied from 25 to 57 years, 
the mean age in each group being approxi- 
mately the same. On the basis of height, 
weight and clinical and anthropological 
appraisal, the deviation from ‘desirable 
weight” was judged to be —15.5 per cent, 
—0.5 per cent, and +35.5 per cent in the 
three groups. Each subject was studied upon 
two test days. They reported to the labora- 
tory in the morning in the postabsorptive 
state and were fed either a high fat or a low 
fat test meal. The various measurements or 
samples were taken either prior to the meal 
or during the following five hours. The high 
fat meal supplied 70 per cent of the calories 
as fat, 25 per cent as carbohydrate and 5 per 
cent as protein. The high carbohydrate meal 
supplied 94.5, 0.5, and 5.0 per cent of the 
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calories as carbohydrate, fat, and protein, 
respectively. 


The mean basal expenditures were 47.0, 
52.2, and 65.0 calories per hour in the under- 
weight, normal, and overweight groups and 
these were said to correlate well with the 
degree of deviation from normal weight. 
From the data presented, one may estimate 


the mean surface area of each group. The 
basal metabolic rate is then found to be 
30.9, 31.4, and 33.3 calories per square meter 
per hour, as it is usually expressed, and very 
probably these differences cannot be shown 
to be statistically significant. 

Considerable difference was noted in the 
calorie expenditure above the basal levels 
following the test meal high in fat. In the 
five-hour period, 29.9, 15.4, and 11.0 calories 
above basal were obtained for the under- 
weight, normal, and overweight groups, 
respectively. If these values are corrected to 
a surface area basis, the differences are, of 
course, relatively larger. These values are 
significantly different by variance analysis. 
Following the high carbohydrate meal the 
differences between groups were in the same 
general direction but of somewhat lesser 
magnitude. The underweight group pro- 
duced slightly fewer calories above basal 
after the high carbohydrate meal than after 
the high fat meal, while the other two groups 
yielded somewhat more. It is not clear 
whether these values represent statistically 
significant differences, but presumably they 
do not. 

Thus, we are not sure whether there was 
any difference in the response to the two 
different kinds of meals. This is a fairly criti- 
cal point in the interpretation of the paper 
and demonstrates a serious difficulty in much 
of the work upon obesity. Small differences 
in caloric expenditure which may represent 
a great accumulation of body fat over a pe- 
riod of time are difficult to demonstrate with 
statistical assurance. It must always be 
remembered that measurements upon a 
relatively smal] group or with few tests, as 
in this study, cannot be concluded to be the 
same simply because they are not statisti- 
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cally different. It is unfortunate that the 
measurements in this study could not have 
been repeated, to define the apparent differ- 
ences between groups and meals with more 
assurance. 

There was shown to be a significant posi- 
tive correlation between the fasting blood 
glucose and the degree of deviation from 
normal weight patients. The correlation, 
however, was not high (r = .58). There was 
also some indication of a more rapid rise in 
blood glucose and perhaps a greater de- 
crease, to below fasting levels, in the over- 
weight group after a high carbohydrate meal 
than in the other groups. Fasting blood 
pyruvic acid concentrations also tended to 
be high in the overweight group. 

The measurements of various serum lipids 
failed to reveal significant differences in the 
three groups. These included total serum 
lipids and cholesterol, various lipoprotein 
fractions, and chylomicron counts. Large 
individual differences within each of the 
groups, as would be expected from the 
literature (J. W. Gofman et al., Circulation 
14, 691 (1956)) were found for these serum 
constituents. The fasting chylomicron counts 
tended to be high in the obese group. 

It may be noted that the data on energy 
expenditure after high and low fat meals, 
insofar as they can be compared, would not 
give any interpretation for the findings of 
Kekwick and Pawan (Nutrition Reviews 15, 
67 (1957)). Although the methods and the 
circumstances in the two studies were en- 
tirely different, Kekwick and Pawan sug- 
gested that the energy expenditure of obese 
patients given high fat diets may be consid- 
erably greater than the expenditure of 
patients given low fat diets, whereas in this 
study there appeared to be little difference. 
However, as long as differences can be 
shown, new studies suggest themselves. 
There can be little doubt that the obesity 
problem is largely one which relates to the 
disposition of energy. Many of the observa- 
tions which have been recorded require 
much more extensive documentation, 
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PHYSIOLOGY OF THE DUMPING SYNDROME 


One of the occasionally distressing seque- 
lae of gastric surgery is the postgastrectomy 
or dumping syndrome. This usually consists 
of a sense of fullness in the epigastrium fol- 
lowed by weakness, sweating, tachycardia, 
and variable other symptoms. These symp- 
toms have been attributed to discharge of 
the adrenergic system, but the mechanism 
of this is not known. 

K. Roberts et al. (Ann. Surg. 140, 631 
(1954)) induced the dumping syndrome in 
patients with total gastrectomies by the ad- 
ministration of various solutions. These were 


gen (®) and starch in water. Serum electro- 
lytes, plasma volumes as determined with 
Evan’s Blue, and serial electrocardiograms 
were used to examine some of the parameters 
of the dumping syndrome. 

The authors convincingly demonstrated 
that a decrease in plasma volume occurred 
ten minutes after ingestion of the solutions 
and was maximal within 30 to 40 minutes. 
These decreases ranged between 15 and 30 
per cent of the control values. In a group 
of intact control patients, no measurable 
change in plasma volume occurred with the 
same solutions. 

H. W. Smith (Lancet I, 745 (1951)) sug- 
gested that the electrocardiographic changes 
noted in the dumping syndrome were due to 
hypokalemia. The serum potassium was 
shown to drop during the dumping syndrome 
and some of its symptoms were attributed to 
the hypokalemia. In the present study, a 
significant lowering of serum potassium 
occurred after administration of all the solu- 
tions except the hypertonic saline. The elec- 
trocardiographic changes, however, were 
noted after the hypertonic saline as well, in- 
dicating that factors other than hypokale- 
mia were important in these changes. These 
observations were complemented by the 
studies in the normal patients in whom hypo- 
kalemia occurred after the solutions, but 
neither electrocardiographic changes nor 


symptoms of the dumping syndrome oc- 
curred. 

The implication of these studies is that the 
decrease in plasma volume is the stimulus for 
the development of the signs and symptoms 
of the dumping syndrome. The electrocardio- 
graphic changes of this syndrome have also 
been noted in acute coronary insufficiency, 
after hemorrhage or administrstion of epi- 
nephrine. The decrease in plasma veluine may 
lead to relative coronary insufficiency, as well 
as cause a release of epinephrire via pres- 


_soreceptor mechanisms. 
50 per cent glucose, 9 per cent saline, Susta- — 


In order to rule out the possibility of 
jejunal distention being causative in the 
dumping syndrome, jejunal distention was 
produced by either balloon inflation or rapid 
administration of tap water, and no altera- 
tions in plasma volume or electrocardiogram 
were seen. 

A. Medwid et al. (Ann. Surg. 144, 953 
(1956)) subsequently investigated the abil- 
ity of various foodstuffs to precipitate the 
alterations of the dumping syndrome. The 
experiments were carried on with 19 patients, 
15 of whom had total gastrectomies. Blood 
volumes, blood pressures, and electrocardio- 
grams were recorded before and after a car- 
bohydrate, fat, or protein meal. These con- 
sisted of 100 g. to 150 g. of uncooked starch 
in 50 per cent glucose, 300 g. of lean steak or 
protein supplement, and 100 g. of Ediol (®) 
or corn oil, respectively. 

The carbohydrate meal consistently pro- 
duced all aspects of the dumping syndrome, 
whereas protein produced only minimal al- 
terations. Fat was variable but it seemed 
that homogenized fat was more potent in 
triggering the dumping syndrome. All pa- 
tients who displayed a 10 to 20 per cent 
decrease in blood volume with a drop in 
blood pressure and characteristic electro- 
cardiographic changes had concurrent signs 
and symptoms of the dumping syndrome. 

The varying ability of the different food- 
stuffs to trigger the dumping syndrome may 
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be explained on the basis of available facts. 
As none of these foodstuffs is initially hyper- 
tonic to plasma, the increase in toxicity of 
the solution is a result of enzymatic digestion 
of these materials. As starch is hydrolyzed 
more rapidly, the solution in the jejunum 
becomes hypertonic more rapidly and is thus 
more potent in initiating the dumping 
syndrome. 

One patient was given rapidly 500 ml. of 
a plasma expander intravenously at the ex- 
pected time of occurrence of the dumping 
syndrome after hypertonic solutions. With 
such an infusion, there were no dumping 
symptoms and no_ electrocardiographic 
changes. It was presumed that this infusion 


OBSTRUCTIVE JAUNDICE AND 


Prolonged obstructive jaundice results in 
a limitation of fat absorption from the intes- 
tine because of the absence of bile salts 
required for this process. Early medical 
writings describe the adequacy of protein 
and carbohydrate absorption, but emphasize 
the impairment of fat absorption compli- 
cating cases of jaundice. Specific failure to 
absorb fat soluble vitamins would be ex- 
pected to accompany the general failure of 
fat absorption. Thus, one would expect the 
appearance of vitamin deficiency effects on 
the skeleton with a loss of structural calcium 
deposits. 

There are two classes of bone disease 
characterized by a loss of substance and 
weakening of the structure. Osteomalacia, 
characterized by rickets, is due to deficiency, 
or poor absorption, of vitamin D resulting in 
impaired absorption of calcium. This results 
in reduced serum and urinary calcium. 
Serum phosphate decreases and urine phos- 
phate increases (due to secondary hyper- 
parathyroidism). The skeleton becomes 
generally decalcified. The histological feature 
is the development of an osteoid seam or 
uncalcified trabecular margin. In osteoporo- 
sis, the second class of bone disease, the 
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prevented the usual drop in blood volume 
and thus abolished the sequelae. 

Reinforced by these observations, a high 
protein, low carbohydrate, moderate fat diet 
was given at two to three hourly intervals to 
eight patients with the dumping syndrome. 
On this dietary regimen, there was a weight 
gain as well as a decrease in frequency and 
severity of the dumping syndrome. 

The effect of these investigations is to 
provide theoretical bases for the administra- 
tion of low carbohydrate diets given at fre- 
quent intervals. The intervention of the 
adrenergic system, as postulated, needs to 
be proved, as there are only suggestive data 
at present. 


NUTRITIONAL BONE DISEASE 


bones diminish in size without changing 
composition, possibly as a result of the loss 
of the protein matrix of bone. Histologically 
the trabeculae are thin without osteoid 
seams. 

Liver insufficiency could lead to bone 
disease because absorption of vitamin D 
might be impaired by a lack of bile salts in 
the gastrointestinal tract, or liver storage 
of vitamin D could be hindered because of 
a deficiency of normal liver cells. On the 
other hand, a poorly functioning liver might 
accelerate the development of osteoporosis 
as a result of a possible interrelationship 
between protein synthesis in general, and 
the specific synthesis of the protein of bone. 

Ligation of the common bile duct or the 
creation of a bile fistula, in experimental 
animals causes osteomalacia rather than 
osteoporosis and can be cured with large 
doses of calciferol. 

In the report which is being reviewed, (M. 
Atkinson, B. E. C. Nordin, and 8. Sherlock, 
Quart. J. Med. (New Series) 25, 299 (1956)) 
an analysis has been made of the type and 
frequency of bone disease and the “incidence 
and severity of disorders of fat and nitrogen 
absorption in patients with obstructive and 
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parenchymatous jaundice.’ These authors 
studied 25 patients who had been jaundiced 
for periods of three months to eight years. 
The diagnoses were: Chronic intrahepatic 
obstructive jaundice (primary biliary cir- 
rhosis) 12 patients; traumatic stricture of the 
bile-duct 4 patients; carcinoma of main 
bile duct 5 patients; secondary carcinoma of 
liver 1 patient; and subacute virus hepatitis 
3 patients. Those with subacute hepatitis 
and carcinoma were bed patients, but the 
others were mostly ambulant. Using a diet of 
known composition, nitrogen and fat 
balances were determined and fecal sterco- 
bilinogen content was measured. The bone 
studies included the following: x-rays of the 
lumbar spine and hands; estimation of 
serum-calcium and -phosphate levels and 
calculation of the product (Ca x P); deter- 
mination of the 24-hour excretion of calcium 
in urine on a low intake of calcium; excretion 
response to calcium infusion; measurement 
of phosphate to creatinine clearance ratios; 
and interpretation of iliac crest bone biopsy. 
The microscopic observation of wide osteoid 
seams confirmed the diagnosis of osteo- 
malacia as shown grossly by low levels of 
calcium and phosphate in the serum, and a 
low urinary output of calcium on a low- 
calcium diet. Less marked osteomalacia can 
be detected only by bone biopsy or by two 
biochemical tests, (1) the avidity for intra- 
venous calcium as indicated by a low urinary 
excretion, and (2) the demonstration of a 
high ratioof phosphate clearance to creatinine 
clearance, due to secondary hyperparathy- 
roidism resulting from the stimulus of a low 
serum calcium. 

Clinical symptoms appearing in the pa- 
tients being studied included frequency of 
defecation, finger clubbing, increased skin 
pigmentation, absence of, tetany, presence 
of bone pains, and kyphosis (humpback 
deformity). Determination of the amount of 
stercobilinogen in feces served as an index 
of the amount of bile reaching the intestine. 
Analyses done in 15 of the 25 patients 
studied revealed values much less than the 
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normal 200 mg. per 24 hours. The fecal 
stercobilinogen varied inversely with the 
serum bilirubin level. Patients with obstruc- 
tion of bile passages due to cancer showed 
more complete blockage than those with 
intrahepatic obstructive jaundice. Measure- 
ment of fat absorption in 18 patients indi- 
cated steatorrhea (abnormal amounts of 
fecal fat) in all cases. The correlation be- 
tween fecal stercobilinogen and the percent- 
age of fat absorbed emphasized the 
importance of bile in the fat absorption 
process. Fecal nitrogen and nitrogen balance 
determinations were within normal limits in 
most of the patients investigated. Slightly 
negative balances were seen in five of 11 
patients studied but these were not due to 
any deficiency in the digestion or absorption 
of protein. Patients who had osteoporosis 
were also cachectic, indicating an inability 
to retain ingested nitrogen. 

Study of the skeletal state revealed normal 
bones in eight patients who had been jaun- 
diced for relatively short intervals. Possible 
early osteomalacia was diagnosed in four 
patients on the basis of a low urinary excre- 
tion of infused calcium. There was biochem- 
ical evidence of osteomalacia in seven pa- 
tients, confirmed by the evaluation of bone 
histology and the extent of translucency to 
x-rays. The values for (Ca X P) were low, 
as was the urinary excretion of infused 
calcium. Osteoid seams were demonstrated 
in all four cases. 

In two cases there was histological and 
biochemical evidence of both osteomalacia 
and osteoporosis. The use of large doses of 
calciferol cured the osteomalacia but failed 
to arrest the osteoporosis. 

Three patients suffered from osteoporosis 
only. In one case the serum (Ca X P) was 
low, the ratio of clearance of phosphorus to 
creatinine was normal, and the calcium 
excretion on a low calcium intake (100 mg. 
daily) was high, indicating a lack of avidity 
for calcium in contrast to that occurring in 
osteomalacia. Bone biopsy and radiologic 
examination confirmed the diagnosis of 
osteoporosis. 
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After the preliminary studies were made, 
treatment of the osteomalacia was begun. 
Each month 100,000 units of calciferol and 
vitamin A were injected intramuscularly 
and 6 g. of oral calcium lactate were given 
daily. Of the patients studied, several re- 
sponded to therapy with a definite, or at 
least partial, cure of osteomalacia. The 
treatment was ineffective for osteoporosis, 
however. 

These investigations indicate that absorp- 
tion of dietary fat is impaired in cases of 
obstructive jaundice, and that the degree of 
bone involvement is related to the duration 
of jaundice. The fact that osteomalacia 
developed rapidly in two of the cases of 
hepatocellular jaundice makes it difficult to 
believe that poor absorption of vitamin D 
is a major part of the mechanism in these 
cases. It is conceivable that the interference 
with normal liver cell function occurring in 
liver disease exerts a profound effect related 
to the intermediary activation of vitamin 
D, in addition to the apparent decreased 
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absorption due to the lack of bile salts. As a 
matter of fact the simple defect of severe 
malnutrition occurring terminally in ob- 
structive jaundice, with its concomitant 
depletion of body protein, could account 
for the diminution of the protein matrix of 
bone resulting in osteoporosis. In view of 
the fact that osteoporosis sometimes does 
occur along with osteomalacia, as a conse- 
quence of obstructive jaundice, and yet 
does not respond to therapy with vitamin 
D and calcium, it would seem desirable to 
learn more about the causes of osteoporosis 
in relation to disordered liver function. 
Thus a treatment might be discovered which 
could be applied to osteoporosis developing 
from unknown causes. 

Although this study suffers from the 
usual uncontrollable complexities of clinical 
research, the results give a good indication 
of the factors involved in osteomalacia in 
hepatic disease. The proposed therapeutic 
regimen needs further study to be certain 
that metastatic calcification might not be an 
undesirable side effect. 


TREATMENT OF KWASHIORKOR WITH VEGETABLE PROTEINS 


It is now recognized that the infant dietary 
disease kwashiorkor, which occurs in many 
parts of the world, is due primarily to a de- 
ficiency of protein (Nutrition Reviews 8, 55, 
161 (1950); 13, 1 (1956)). In those areas 
where the disease is found, the dietary pro- 
tein is predominantly of vegetable origin. 
It is well known that vegetable proteins, gen- 
erally, are nutritionally deficient with respect 
to one or more of the essential amino acids 
(see Nutrition Reviews 14, 291 (1956)). Con- 
sequently, the rationale in treating kwashior- 
kor has been to supply adequate protein. 
This has been done usually by feeding animal 
protein (preferably milk proteins) and a suc- 
cessful response to such therapy, especially 
to dry skim milk, has been reported (Jbid. 
10, 261 (1952); 18, 67 (1955)). However, 
since dry skim milk or other satisfactory 


sources of animal protein are usually costly, 
or not readily available, in the areas where 
kwashiorkor exists, it would be desirable to 
find cheaper plant proteins which might pos- 
sibly be of benefit in the treatment and 
prevention of this disease. 

A study performed at the Nutrition Re- 
search Laboratories in Coonoor, India, has 
attempted to evaluate the efficacy of native 
vegetable proteins in curing a nutritional 
edema syndrome which is believed to be 
analogous to kwashiorkor (P. 8. Venkatach- 
alam, S. G. Srikantia, G. Mehta, and C. 
Gopalan, Indian J. Med. Res. 44, 539 
(1956)). The subjects were 124 children 
from the area around Coonoor. The clinical 
description of the cases (P. S. Venkatacha- 
lam, 8. G. Srikantia, and C. Gopalan, Ibid. 
42, 555 (1954)) revealed symptoms of lassi- 
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tude, anorexia, edema, and changes in hair 
and skin as seen in kwashiorkor by other 
clinical investigators. After pointing out the 
difficulties involved in attempting to assesss 
improvement in such patients, the authors 
selected 5 criteria: (a) the number of days 
taken for clinical disappearance of edema; 
(b) the number of days required to reach 
minimum body weight; (c) the number of 
days required to gain 1 pound after the mini- 
mum weight was reached; (d) the number 
of days taken for diarrhea to subside; (e) the 
rise in plasma albumin brought about by 10 
days of treatment. 

As a source of vegetable protein, an Indian 
legume known as Bengal gram (chick pea) 
was selected. The crude protein content is 
21.8 to 23.4 per cent and a comparison of the 
amino acid composition with that of skim 
milk powder revealed that the gram is low 
in methionine and tryptophan, each being 
about \% that in milk powder. The other 
essential amino acids are present in approxi- 
mately equal amounts in the 2 proteins. 

Three diets were used. Diet I: The Bengal 
gram was soaked and permitted to sprout, 
dried, dehusked, and powdered. With 250 g. 
of this were mixed 100 g. of ripe bananas, 
and 70 g. of crude sugar. Diet II: 250 g. of 
rice powder were mixed with 190 g. of 
Bengal gram powder, and 3 g. each of sodium 
chloride and calcium lactate were added. 
Diet III: 150 g. of skim milk powder were 
reconstituted with 800 ml. of water and 
mixed with 250 to 350 g. of wheat bread and 
30 g. crude sugar. Diets I and II were made 
into a paste with water, and cooked by auto- 
claving. By analysis, the diets contained, 
respectively: protein 63 g., 60 g., 61 g.; fat 
2 g., 15 g., 13 g.; carbohydrate 208 g., 275 
g., 329 g.; calories 1100, 1475, 1677. They 
were fed every three hours in small quanti- 
ties and were well received by the children. 
Unfortunately, no information was presented 
regarding the actual amounts of food con- 
sumed. 

Diet I was fed to 56 cases, diet II was fed 
to 19 cases and diet III was fed to 49 cases. 
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In addition to daily clinical examinations, 
blood samples were taken when the patient 
was admitted, 10 days after treatment, and 
again when discharged. These were analyzed 
for total plasma protein and albumin. The 
duration of hospitalization ranged from 28 
to 90 days. 

The results according to the 5 criteria 
listed above showed that diet I, in which 
Benga] gram was the protein source, pro- 
duced as good a response in all categories 
except one, as did the skim milk diet III. The 
latter was superior with respect to the for- 
mation of plasma protein (0.40 g. vs. 0.75 g. 
per cent after 10 days; 1.04 g. vs. 1.24 g. per 
cent after 30 days). On the other hand, diet 
I, and also diet II, brought about a cessation 
of diarrhea faster than did the skim milk 
diet. The persistence of diarrhea in such 
cases fed skim milk was also observed by 
R. F. A. Dean (Bull. World Health Org. 9, 
767 (1958)). This effect, however, did not 
interfere with the ultimate response of the 
treatment. Diet II, a mixture of rice and 
grain, although inferior to diets I and III, 
did produce marked improvement in the 
children consuming it. Although no data 
were given, it was stated that no significant 
differences occurred in the rate of hemoglo- 
bin formation in the 3 groups. The rates of 
improvement in the associated signs of mal- 
nutrition, such as “crazy pavement” derma- 
tosis, scaly dermatosis and oral vitamin B 
complex deficiency signs were also similar 
in the 3 groups. 

The significance of this study lies in the 
observation that a satisfactory therapeutic 
response was produced by diets containing 
only vegetable protein. Even though the 
plasma protein response to the vegetable 
diets was not equal to that of milk protein, 
the general clinical improvement was good 
enough to warrant further investigation 
along these lines. As the authors point out, 
possibly mixtures of other native vegetable 
proteins can be found which will produce 
better results. Although the supplementing of 
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vegetable diets with individual amino acids 
may be one possible solution to the problem 
of providing balanced protein (D. M. Heg- 
sted et al., J. Nutrition 56, 555 (1955)), it is 
obvious that this alternative will almost be 
impossible to institute on a world-wide 
scale. 

The studies during the last war by E. M. 
Widdowson and R. A. McCance on the 
growth of children fed vegetable diets (Med. 
Research Council Special Report Series No. 
287, London (1954); Nutrition Reviews 13, 
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131 (1955)), may be recalled as showing the 
adequacy of a predominantly vegetable pro- 
tein diet. It is to be hoped that the Indian 
investigators will explore further the poten- 
tial of their native foods in the prevention of 
nutritional edema syndrome, as well as in its 
cure. Also, the information derived from 
follow-up studies of the patients described 
in this report which has already been started 
(C. Gopalan, J. Trop. Pediat. 1, 206 (1956); 
Nutrition Reviews 14, 263 (1956)), will be 
of importance. 


FAT ABSORPTION STUDIED WITH I'*'-LABELED FAT MEAL 


The difficulties of measuring fat absorp- 
tion by the standard metabolic balance 
techniques have prevented widespread ap- 
praisal of this digestive factor in a number 
of clinical situations. G. J. Baylin et al. 
(Proc. Soc. Exp. Biol. Med. 89, 54 (1955)) 
described a test fat meal using 50 micro- 
curies of I''- labeled glycerol trioleate to 
measure fat absorption. The patients 
received Lugol’s iodine for three days before 
the test meal to block thyroid uptake. The 
meal contained, besides the tracer, 0.5 cc. 
of peanut oil per kilogram body weight, 
emulsified with Tween 80 in water. Blood 
samples were counted in a scintillation 
counter at intervals up to six hours after the 
meal. In this study the test meal was mixed 
with barium sulfate, and the progress of the 
meal was followed roentgenographically. 

In the 33 normal patients studied, the 
total blood I'** was estimated using cal- 
culated blood volumes and the radioactivity 
per milliliter of blood. A characteristic and 
reproducibile curve of radioisotope total 
blood levels was obtained. A comparison of 
gastric emptying with the rise in total blood 
I'** demonstrated the obvious correlation 
of delayed emptying time with delayed rise 
in total blood I'*'. It was also noted in this 
study that 48-hour stool collections, after 
the test meal, uniformly contained less than 
2 per cent of the ingested isotope. 

A. P. Sanders et al. (Am. J. Roentgenol. 


75, 386 (1956)) and J. M. Ruffin et al. (New 
Engl. J. Med. 256, 594 (1956)) used these 
techniques in a study of fat absorption in 
steatorrheas. The 48-hour stool collections 
were counted within the plastic container 
in a scintillation .counter without opening 
the container. The amount of stool and its 
distribution within the container affected 
the measured radioactivity to a small extent, 
but this was unimportant in view of the 
large differences obtained when fat absorp- 
tion was altered. The one important pre- 
caution was that there be no contamination 
of the stool specimen with urine, as the 
high excretion of labeled iodide in the urine 
would invalidate any conclusions. 

The average total counts recovered in the 
feces were 0.6 per cent of the ingested dose, 
with a range of 0 to 1.4 per cent. Forty-four 
patients with functional gastrointestinal dis- 
ease were tested, and the blood and stool 
levels were within the normal range. There 
were 18 patients with chronic relapsing 
pancreatitis, all of whom showed abnormal 
levels of either total blood I"*' or fecal I", 
Generally, both tests were abnormal. Twelve 
of 13 patients with carcinoma of the pancreas 
had abnormal tests; the other patient was 
shown to have carcinoma of the tail of the 
pancreas, a site in which no interference 
with digestion would be anticipated. Ab- 
normal tests were also demonstrated in two 
patients with intestinal lipodystrophy, in 
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three patients with regional enteritis, and in 
one patient with non-tropical sprue in re- 
lapse. There were four patients with sprue 
who were in remission, and in these cases 
fat absorption was normal as measured by 
these tests. Eight patients with cirrhosis 
and eight with ulcerative colitis had normal 
responses to the test meal. 

The range of fecal excretion in those 
abnormal situations just cited was 20 to 94 
per cent without any overlap with the 
normal controls. In general, the values 
obtained for fat absorption by these methods 
were within the same range as those ob- 
tained by balance technics. The absence of 
any overlap between the control group and 
the abnormal group may be due to the 
inclusion of only florid instances of disease 
in the test group. Borderline cases will need 
to be examined in the future, and border- 
line results may be anticipated. However, 
as a quantitative test for steatorrhea, it 
appears that this technique, in its accuracy 
and simplicity, is a valuable addition to the 
diagnostic armamentarium of the gastro- 
enterologist. 

W. W. Shingleton et al. (Ann. Surg. 144, 
483 (1956)) studied the physiology of fat 
absorption one to six years after surgery 
for duodenal or gastric ulcer. After the ['* 
test meal, blood samples were counted at 
4.5 and 6 hours and the results were aver- 
aged. Stool collections were also used as 
discussed above. Three groups of patients 
were examined: 8 patients with a Billroth 
1 operation (subtotal gastrectomy with 
gastroduodenostomy); 48 patients with a 
Hofmeister (subtotal gastrectomy with gas- 
trojejunostomy) and 19 patients with vagot- 
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omy and gastroenterostomy. Fecal recovery 
of I'*! was 4.5 per cent in the Billroth 1, 14 
per cent in the Hofmeister, and 17.3 per 
cent after vagotomy and gastroenterostomy. 
All of these values are abnormal and the 
last two differ significantly from the first. 
Although the average total blood I'* levels 
were abnormal in each group, there was no 
significant intergroup difference. A good 
correlation was noted between those patients 
showing the greatest weight loss after sur- 
gery and the greatest impairment of fat 
absorption. Difficulties with fat absorption 
after gastric surgery have also been noted 
by others (Nutrition Reviews 11, 340 (1953)) 
and fit well with these observations. 

Not solved by these studies is the obvious 
great difference in fat absorption between 
one patient and another after identical 
surgical procedures. All three procedures 
interfere with the hormonal phase of pan- 
creatic secretion, and vagotomy additionally 
interferes with the nervous phase of pan- 
creatic secretion. In spite of this, however, 
nutritional status after vagotomy and gas- 
troenterostomy has been found to be better 
than after the other two procedures. It is 
suggested that this may be attributed to the 
larger gastric reservoir, permitting greater 
food intake with a consequent greater 
absolute food absorption, although the per- 
centage absorption is unchanged. 

These observations by this group of 
investigators add significantly to our knowl- 
edge of fat absorption in a variety of clinical 
situations. The availability of a practical 
quantitative test for fat absorption should 
facilitate further investigations in this field. 


CEREBROSPINAL FLUID CALCIUM AND MAGNESIUM IN PSYCHOSIS 


While the anatomic location of the blood- 
brain barrier is not precisely known, there 
is no doubt that this barrier is responsible 
for the differences, between the blood and 
spinal fluid, in the concentrations of various 


substances. Magnesium, chloride, and so- 
dium normally have a higher level in the 
spinal fluid than in the blood while glucose, 
calcium, protein, inorganic phosphorus, and 
cholesterol occur in the spinal fluid in lower 
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concentration than in the blood. W. H. 
Harris and E. H. Sonnenblick (Yale J. Biol. 
Med. 27, 297 (1955)) have studied the 
concentration of calcium and magnesium in 
the spinal fluid of non-psychotic patients in 
mental institutions The patients without a 
neurologic disorder or psychosis had an 
average calcium level in the cerebrospinal 
fluid of 4.95 + 0.11 and that of magnesium 
of 3.01 + 0.03 mg. per cent. This gave an 
average calcium-magnesium ratio of 1.64 + 
0.03. These investigators did not designate 
the values obtained from non-psychotic 
patients as “normal” since there has been 
some discussion as to whether patients of 
mental institutions, regardless of their men- 
tal condition, can be considered normal for 
this purpose. The calcium and magnesium 
were determined using a titrimetric method 
employing the chelating agent ethylene- 
diaminetetraacetate. 

Recently, W. H. Harris and J. A. 
Beauchemin (Yale J. Biol. Med. 29, 117 
(1956)) have reported the level of calcium 
and magnesium in the cerebro-spinal fluid 
and blood of 53 patients who had a variety 
of psychotic reactions of so-called functional 
or organic origin. Thirty-five of these indi- 
viduals had psychoses associated with cen- 
tral nervous system disease of the degenera- 
tive, inflammatory, or demyelinizing type. 
In general the level of calcium in the cere- 
brospinal fluid of patients with functional or 
organic psychoses was above that found in 
the non-psychotic individuals in the institu- 
tions. On the other hand, the level of 
magnesium in the cerebrospinal fluid was 
usually below that found in the non- 
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psychotic patients. This caused the calcium/ 
magnesium ratio to be elevated in practically 
all the psychotic patients when compared 
with the non-psychotic individuals. Only 
six of the 53 patients with psychoses had 
cerebrospinal fluid calcium/magnesium 
ratios between 1.58 and 1.40 (average + 2 
standard deviations). These investigators 
also noted that there was no correlation 
between the concentration of calcium and 
magnesium in the cerebrospinal fluid and in 
the blood. Four cases with inflammatory 
syphilitic encephalitis were treated inten- 
sively with penicillin and in all cases there 
was a shift in the calcium/magnesium ratio 
toward the values found in the 
psychotic patient. 

From these studies it appears that the 
difference in the cerebrospinal fluid calcium/ 
magnesium ratios 


non- 


between non-psychotic 
and psychotic patients is due to changes in 
the permeability of the blood-brain barrier 
which allows the psychotic patient to have 
abnormal concentrations of these substances 
in the cerebrospinal fluid. The fact that the 
treatment of inflammatory syphilitic enceph- 
alitis with penicillin changed this abnormal 
permeability of the barrier, as_ indi- 
cated by the shifting of the calcium/mag- 
nesium ratio toward that of normal 
individuals, suggests that the barrier defect 
can be corrected at least partially. While 
this interesting series of observations shows 
a prevalence of abnormal cerebrospinal fluid 
calcium/magnesium ratios in patients with 
psychoses, there is no attempt to draw a 
cause and effect relationship. 


THIAMINE IN EGGS—SPECIES DIFFERENCES 


There is some evidence which suggests 
that different species of chicks vary in their 
requirement for thiamine. This is based on 
the work of W. F. Lamoreux and F. B. 
Hutt (Nutrition Reviews 1, 350 (1943)) who 
found that White Leghorn chicks survived 


for a longer period of time on a thiamine- 
deficient diet than did Rhode Island Red 
chicks. 

Extending the above work, N. 8. Scrim- 
shaw, F. B. Hutt and M. W. Scrimshaw (J. 
Nutrition 30, 375 (1945)) found that eggs 
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from the above breeds showed differences in 
thiamine content. These researchers kept all 
their birds on the same commercial ration, 
which provided a more than adequate in- 
take of thiamine (475 micrograms per 100 g. 
of ration). Twenty-four eggs from White 
Leghorn hens and 12 each from Rhode Island 
Red hens and Barred Plymouth Rock hens 
were analyzed individually for thiamine. 
Since it had been shown that all of the 
thiamine in the egg was present in the yolk, 
that was the only portion analyzed. The 
yeast fermentation method showed the eggs 
from the White Leghorn hens to have 279 
(+ 38.1) micrograms of thiamine per 100 g. 
of yolk, whereas the eggs from the Rhode 
Island Red hens had 167 (+ 19.0) and those 
from the Barred Plymouth Rock hens, 175 
(+27.1) micrograms of thiamine per 100 g. 
of yolk. 

The differences in the thiamine content 
between eggs from the Rhode Island Red 
hens and the Barred Plymouth Rock hens 
were insignificant. However, the difference 
between that of the White Leghorn hens 
and either of the other two breeds was 
highly significant (P = >0.01). 

Scrimshaw and co-workers (loc. cit.) re- 
peated their study approximately one year 
later. At that time, they found that the 
thiamine content of eggs from a commercial 
poultry farm was essentially the same as that 
in the eggs secured from the laboratory 

No apparent explanation for the difference 
in thiamine content of the eggs laid by hens 
of different breeds was found. The workersdid 
suggest that the resistance of the White 
Leghorn chick to thiamine depletion indi- 
cated a more efficient mechanism for the 
utilization of this vitamin. This mechanism 
was apparently still operating in the adult 
bird. As a result of the more efficient utiliza- 
tion of dietary thiamine, the White Leghorn 
hens had more of the vitamin to deposit in 
their eggs than did the Barred Plymouth 
Rock hens or the Rhode Island Red hens. 

C. E. Howes and F. B. Hutt (Poultry Sci. 
35, 1223 (1956)) decided to determine 
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whether the metabolic factor controlling the 
efficiency of thiamine utilization was of 
genetic origin. To test the latter, they at- 
tempted to determine whether or not this 
factor was related to the sex-linked gene 
which causes rapid feathering. This gene, in 
its recessive form produces rapid feathering 
in the Rhode Island Red chicks and Barred 
Plymouth Rock chicks. The investigators 
chose that gene since they felt it might have 
other physiological effects. By proper 
breeding techniques, they secured some hens 
which were homozygous for the rapid feath- 
ering gene, and others for the slower feath- 
ering gene. There was no difference in the 
thiamine content of the eggs from these 
birds. For this reason, they concluded that 
the gene which controls the rate of feathering 
has no effect upon the thiamine content of 
the eggs. 

As an extension of this work, these workers 
secured eggs from the same birds on two 
separate occasions, one month apart. For all 
50 birds, there was a remarkable consistency 
in the thiamine values in eggs from the 
same bird. There was, however, more than 
a twofold range in the thiamine concentra- 
tions of the eggs from different birds. This 
would indicate that when hens are main- 
tained under the same dietary conditions, 
the thiamine content of their eggs is a 
characteristic of the individual bird. 

Howes and Hutt (loc. cit.) repeated the 
work done by Scrimshaw and co-workers 
with different breeds of hens. In the latter 
work, thiamine was determined by the 
thiochrome technique. Again, it was shown 
that eggs laid by White Leghorn hens had a 
higher content of thiamine than did those 
laid by Rhode Island Red hens or Barred 
Plymouth Rock hens, even though the same 
ration was fed to all birds. In addition, they 
found that for the 13 strains of White Leg- 
horn hens tested, there was no significant 
difference in the thiamine content of their 
eggs (the average was 198 micrograms per 
100 g. yolk). The same was true for five 
strains of Rhode Island Red hens (the 
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average was 138 micrograms) and for three 
strains of Barred Plymouth Rock hens (the 
average was 134 micrograms). 

The eggs from White Leghorn hens were 
shown by H. L. Mayfield, R. R. Roehm, and 
A. F. Beeckler (Poultry Sci. 34, 1106 (1955)) 
to contain more thiamine than the eggs from 
New Hampshire hens. The difference be- 
tween the breeds in this study was apparent 
only when the rations contained either fish 
solubles (3 per cent) or whale solubles (1 
per cent). In the absence of these supple- 
ments, there was no breed difference in 
thiamine concentration of the eggs. 

That other species in addition to chicks 
show strain differences in their requirement 
for thiamine was shown by R. F. Light and 
L. J. Cracas in 1938 (Nutrition Reviews 1, 
350 (1943); 5, 238 (1947)). They found that 
on a daily intake of 2 micrograms of thia- 
mine per rat per day, those of one strain 
gained 14 g. in five weeks while those of 
another strain gained 33 g. 

A more extensive study of the above sub- 
ject was made by R. W. Luecke, L. S. 
Palmer and C. Kennedy (Arch. Biochem. 5, 
395 (1944)). They used two strains of rats 
which, by selective breeding, differed signifi- 
cantly in the efficiencies of food utilization 
(Nutrition Reviews 5, 238 (1947)). The rats 
of the high efficiency strain gained 38 per 
cent more than those of the low efficiency 
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strain. During the six-week growth period, 
the feed intake of the high efficiency strain 
rats was only 5 per cent greater (Palmer and 
Kennedy, loc. cit.). When rats of both 
strains were put on a thiamine-free ration, 
the low efficiency strain animals showed 
acute polyneuritis on an average by the 
fifty-eighth day. Only mild symptoms of 
thiamine deficiency appeared in the rats of 
the high efficiency strain by the ninetieth 
day, when the experiment was terminated. 
The thiamine contents of the kidneys and 
livers of the high efficiency strain rats 
maintained on the thiamine-deficient diet 
were four to five times that of the rats of 
the low efficiency strain. 

It is interesting to recall that the urinary 
thiamine excretion of normal young men 
was shown by O. Mickelsen, W. O. Caster, 
and A. Keys (Nutrition Reviews 10, 43 
(1952)) to be highly characteristic of the in- 
dividual. Even though there may be no 
relation between the preceding phenomenon 
and the differences in thiamine content of 
eggs laid by hens of various breeds, it does 
suggest that a number of animal species 
show a range in the efficiency with which 
their members utilize certain nutrients. The 
exploitation of these leads with chicks 
should go far to establish, for animals, the 
field of biogenetics so ably pioneered by 
Beadle and co-workers in Neurospora. 


MILK FEVER IN DAIRY COWS 


Milk fever, or parturient paresis, is a meta- 
bolic disturbance often found in dairy cattle, 
and it undoubtedly represents a stress condi- 
tion resulting from the heavy demands of 
lactation shortly after parturition. The con- 
dition is caused by a subnormal level of 
calcium in the blood and can be relieved by 
the intravenous injection of calcium salts. 
Pre-partum milking is believed by some to 
lessen the likelihood of the condition. 

In recent years, workers in dairy physiol- 
ogy and nutrition have applied hormonal 


and nutritional principles in an effort to 
condition the cow to the high demands of 


milk production 
parturition. 
Workers at the Ohio Agricultural Experi- 
ment Station report success in the preven- 
tion of milk fever by the pre-partum feeding 
of massive doses of vitamin D (J. W. Hibbs 
and W. D. Pounden, J. Dairy Sci. 38, 65 
(1955)). Milk fever was prevented by feeding 
each cow 30,000,000 units of vitamin D 
daily for three to eight days before calving. 


immediately following 
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The protection afforded by vitamin D was 
attributed to its calcemic effect, which was 
indicated by the relatively high blood cal- 
cium level maintained during the critical 
post-partum period. Since it has been estab- 
lished experimentally in a number of other 
animal species that vitamin D enhances the 
absorption of calcium and phosphorus, the 
Ohio workers have recently investigated the 
influence of massive vitamin D dosage on 
the absorption of these minerals in the 
bovine (H. R. Conrad, S. L. Hansard and 
J. W. Hibbs, Ibid. 39, 1697 (1956)). Radio- 
calcium (Ca**) and P® were employed as 
tracers. 

Vitamin D feeding caused only a slight 
increase in plasma calcium levels, but the 
increase in net retention of calcium resulting 
from increased calcium absorption was 
marked. True calcium digestibility, for 


example, increased from a control level of 
33 per cent to 51 per cent during five days 
of vitamin D feeding and remained high (54 
percent) for fivedays after vitamin D feeding 


was discontinued. A noteworthy result was 
the marked reduction in fecal endogenous 
calcium excretion following the feeding of 
vitamin D. 

These results indicate that the mechanism 
that regulates circulatory calcium in cattle 
was not seriously overwhelmed by the 
feeding of large doses of vitamin D. The 
improved calcium retention noted obviously 
augmented the calcium reserves which could 
be drawn upon during subsequent periods 
of heavy lactation. On the basis of these 
results, the Ohio workers feel that the pre- 
partum enhancement of calcium reserves 
through massive vitamin D feeding is a 
sound approach to the prevention of milk 
fever. 

Based on an established hormonal prin- 
ciple, workers at the University of Cali- 
fornia, Davis, have been successful in 
preventing milk fever in dairy cattle through 
a stimulation of the parathyroid, which is 
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the mechanism for mobilizing body reserves 
of calcium (J. M. Boda and H. H. Cole, 
Ibid. 37, 360 (1954)). 

These workers noted that the feeding of 
rations low in calcium and high in phos- 
phorus, for approximately one month before 
calving, resulted in the effective reduction 
of milk fever incidence in cows with a record 
of this condition following previous calvings. 
The authors suggested that such rations 
exerted their effect by causing parathyroid 
stimulation, thus providing sufficient cal- 
cium-mobilizing hormone to avert the de- 
crease of blood calcium resulting from heavy 
lactation immediately following calving. It 
is reasoned that in the late stages of lacta- 
tion, and during the dry period of two to 
three months preceding the next calving, 
the parathyroid calcium-mobilizing activity 
is dormant and that milk fever represents, 
essentially, a condition resulting from a 
depressed activity of the parathyroid gland. 

Effective control of milk fever was ac- 
complished when the California researchers 
used rations as low as 8 g. to 10 g. of calcium 
daily and as high as 88 g. to 100 g. of phos- 
phorus. It is pointed out that parturition 
was normal in the cows under study and 
that serious depletion of skeletal calcium 
reserves was not encountered if liberal cal- 


cium intake was allowed during the several 


months prior to the initiation of the feeding 
of the low-calcium ration (J. M. Boda, Ibid. 
39, 66 (1956)). Since the low-calcium, high- 
phosphorus, pre-partum rations allowed ade- 
quate weight gains before parturition, and 
had no influence on subsequent lactation 
performance or on the health of the calves, 
the procedure is considered nutritionally 
sound. 

No doubt, more extensive studies will 
ascertain whether the enhanced calcium 
mobilization through vitamin D therapy, or 
the enhanced calcium mobilization through 
parathyroid stimulation on low-calcium 
diets, will ultimately provide the effective 
means of preventing milk fever. 
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REVIEWS 


ESSENTIAL AMINO ACIDS IN FEEDS 


With increasing knowledge of the quanti- 
tative amino acid requirements of productive 
farm animals, it is of importance to know 
the amino acid content of feed ingredients in 
order to formulate well balanced rations. 

The essential amino acid content of over 
100 widely used farm feeds has recently been 
published by workers at the Texas Agricul- 
tural Experiment Station, College Station, 
Texas (C. M. Lyman, K. A. Kuiken, and 
F. Hale, J. Agr. Food Chem. 4, 1008 (1956)). 

These valuable data are the result of work 
extending over a period of several years. The 
methods for analysis used are the micro- 
biological assays, which the authors indicate 
were modified in some instances to improve 
their reliability. All of the amino acids, 
except tryptophan, were analyzed in acid 
hydrolyzates. Samples high in fat were ex- 
tracted with petroleum ether prior to hydrol- 
ysis. Tryptophan was analyzed in alkaline 
hydrolyzates, with cysteine used a stabilizer 
(K. A. Kuiken, C. M. Lyman and F. Hale, 
J. Biol. Chem. 171, 561 (1947)). 

Lactobacillus arabinosis 17-5 was the 
organism used for the assay of valine, 
leucine, and isoleucine. Streptococcus lactis 
R served for assay of threonine, histidine, 
and tryptophan; and Leuconostoc mesen- 
teroides P-60 was used to assay for arginine, 
phenylalanine, lysine, and methionine. For 
ease of calculating the essential amino acid 
content of rations, the data are given both 
in terms of content per sample (in per cent) 
as well as in terms of quantitative distribu- 
tion (per cent present based on 16 per cent 
nitrogen, or 100 per cent crude protein). 

Of interest concerning the amino acid 
composition reported for algae is the high 
lysine content of Rhodymenia palmata. Since 
most farm grains are deficient in lysine, the 
algae appear superior to most plant materials 
as supplements to grains to compensate for 
lysine deficiency. 

With few exceptions, the animal by- 


products (milk, meat, and blood products) 
were excellent sources of lysine, and milk 
by-products were excellent sources of methi- 
onine. Meat scraps, meat, and bone scraps, 
and to some extent tankage, were deficient 
in tryptophan. Fermentation feeds (distillers 
dried grains) were low in lysine. Yeast was 
found to be an excellent source of this amino 
acid. Fish by-products, particularly herring, 
perch, sardine, and white-fish meals, gen- 
erally were excellent sources of both lysine 
and methionine. 

The lysine deficiency of common grains was 
known from previous data, and the authors 
point out that these widely used feeds must 
be supplemented in order to meet the needs 
of either poultry or swine for lysine. Whereas 
wheat and grain sorghums were markedly 
deficient in lysine, oat varieties seemed to be 
somewhat better sources. 

A variety of grain by-products from 
milling and processing were also analyzed, 
and, as might be expected, their amino 
acid distribution often differed considerably 
from that of the whole grain. For example, 
germ proteins of corn, wheat, and, grain 
sorghums were higher in lysine than the 
whole seeds from which they were obtained. 
In contrast, corn gluten and grain sorghum 
gluten are products of low lysine content. 
Corn gluten is an outstanding source of 
methionine, but is deficient in both trypto- 
phan and lysine. 

Soybean meal stands out among oil meals 
as an unusually good source of lysine (6.17 
per cent of the crude protein), whereas most 
of the other oil meals (peanut, linseed, 
copra, cottonseed, tung, sunflower, and 
others) contained from 3 to 4 per cent of 
lysine (16 per cent nitrogen basis). It is 
generally recognized that when soybean 
serves as a protein supplement to farm 
grains in animal feeds, methionine is gen- 
erally the limiting amino acid. Lyman and 
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associates point out that when other oil 
meals are used as the protein supplement in 
such rations, lysine is most likely to be the 
limiting amino acid. The oil meals were 
however, without exception, good sources 
of tryptophan and in general were also 
good sources of methionine. 

Of further interest was the reported uniform 
amino acid composition of oil meal samples 
obtained from widely different sources and 
geographic areas. Data supporting this view 
had been reported earlier from the Texas 
Station (C. M. Lyman, K. A. Kuiken, and 
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F. Hale, Texas Agric. Exp. Sta. Bull. 62, 
(1947); and K. A. Kuiken, and C. M. Ly- 
man, J. Biol. Chem. 177, 29 (1949)). 

Only limited numbers of pea and bean 
varieties were analyzed (black-eyed peas, cow 
peas, and Mexican pinto beans) but all 
appeared to be relatively high in lysine. 

The results of the Texas group should be 
particularly useful to research workers in 
animal nutrition, and also to feed manu- 
facturers as an aid in the formulation of 
feeds balanced with respect to the essential 
amino acids. 


NUTRITION AND CANCER 


During the course of experimental studies 
on factors associated with the development 
of cancer, diets have been investigated re- 
peatedly and the influence of different diet 
compositions has been observed both in man 
and in experimental animals. The experi- 
mental animals which have been used most 
frequently have been the rat and the mouse. 
The incidence of spontaneously occurring 
tumors has been established for given strains 
of animals, to be used both as a baseline 
for comparison and for the choice of the 
strain on which the influence of an added 
factor could be made more apparent. 

The factors in the diet which have been 
investigated with regard to their relation- 
ship to cancer have been the caloric value, 
the composition in respect to the relative 
amounts of protein, fat, and carbohydrates, 
and the contents of different vitamins. 

In studying the caloric content, it has 
been found statistically in man that obesity 
is associated with a higher incidence of can- 
cer as compared to normal weight status. In 
rats, the time of appearance and the inci- 
dence of spontaneous and induced tumors 
have been retarded by reduction of food 
intake (Nutrition Reviews 13, 86 (1955); 
Cancer Research 2, 460 (1942)). Diets high 
in caloric or fat content, on the other hand, 
have enhanced the appearance of both spon- 


taneous tumors and those induced by the 
administration of carcinogenic agents in the 
rat. Indeed, some of these tumors (sponta- 
neous breast carcinoma and induced skin 
tumors) appear earlier and in greater number 
in animals kept on such diets. On the other 
hand, other tumors (primary lung tumor, 
induced sarcoma) are not affected by such 
a diet (Cancer Research 2, 468 (1942); 16, 194 
(1956)). 

The influence of the caloric content of a 
diet and/or its fat content in the experimen- 
tal animal, although present, seems to vary 
with different tumors. It has been noted in 
particular that high fat diets have acceler- 
ated the formation, and increased the 
number of, estrogen-induced mammary car- 
cinomas in the rat. This was true in com- 
parison with both low caloric diets and with 
isocaloric low-fat diets (Cancer Research 9, 
354 (1949)). 

It is also of interest to note that the inci- 
dence of spontaneously occurring tumors 
was observed to have increased in associa- 
tion with a high fat diet in a series of rats in 
which metabolic activity was modified by 
the administration of desiccated thyroid in 
some rats and radioactive iodine in others, 
and also in others rendered hypertensive by 
the administration of DOCA and salt in the 
presence of unilateral nephrectomy. The 
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high-fat diet was the common denominator 
in that series (Cancer Research 16, 135 
(1956)). 

In addition to the influence of diet on the 
incidence and time of appearance of tumors, 
its influence on the growth of the tumor 
itself has been investigated. Such a study 
was conducted on rats transplanted with 
Walker carcinoma 256. It was found that 
this transplanted tumor grew optimally in 
normally fed animals and that overfeeding, 
although it produced a rapid increment in 
the weight of the host, produced no increase 
in the weight of the tumor itself over and 
above that found in the control animals 
(Cancer Research 16, 437 (1956)). However, 
as mentioned previously, different tumors 
may be affected in various ways by the die- 
tary factors, and it is difficult to draw any 
general conclusions from this study. 

In man, an interesting observation has 
been that of the rarity of breast cancer in 
the Canadian Eskimo population (Canad. 
Med. Assn. J. 76, 486 (1956)) whose diet 
contains a large proportion of fat, consumed 
frequently in a rancid state. Note was made 
of this last factor and heptaldehyde, one of 
the products in rancid fat, was investigated. 
It was administered intramuscularly to two 
patients with carcinoma of the breast and 
may have induced a transient arrest of the 
malignant process. 

In connection with the influence of protein 
in the diet on the appearance of cancer, it 
was noted in Africa that in areas where 
kwashiorkor was predominant a high inci- 
dence of primary cancer of the liver was 
found (Nutrition Reviews 9, 225 (1951)). Al- 
though the most prominent fact about 
kwashiorkor is that it is associated with a 
diet particularly low in protein content, this 
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may not be the main factor concerned with 
the associated incidence of hepatoma, since 
other nutritional deficiencies (particularly 
vitamin deficiencies) or carcinogenic sub- 
stances may play a role in this syndrome. 

As an example of the influence of vitamins 
in the diet, the incidence of azo dye-induced 
hepatomas in rats (Nutrition Reviews 10, 55 
(1952); 8, 86 (1950)) has been investigated 
and it was observed that the B-complex 
group, and particularly riboflavin, exert a 
protective influence toward this type of 
induced tumor. It was also observed that 
the protection afforded was probably not 
due to a preventive effect on the liver cells, 
but rather through hastening the destruction 
of the offending dye when administered 
concomitantly. 

One may conclude from these investiga- 
tions that diet exerts its effect upon the de- 
velopment of malignancies through many 
factors included in its composition. These 
factors, in turn, may affect the production 
of these tumors in varying manners. They 
may act directly as carcinogens, or they may 
serve as vehicles for carcinogenic substances. 
Some may afford protection against car- 
cinogens, and deficiencies involving them 
will favor the appearance of certain tumors. 
Shifts in metabolic pathways may also exert 
an effect. 

One may speculate, then, on the compo- 
sition of a diet which would reduce the 
nutritional tumor-enhancing factor to a 
minimum. Certainly a recommendation can 
be drawn both from the statistical data in 
man and the experimental work in animals; 
the avoidance of overweight is probably one 
way to prevent, or delay, the appearance of 
some malignant processes (Nutrition Reviews 
14, 353 (1956)). 


INTRINSIC FACTOR AND VITAMIN B, BINDING 


Two important points regarding intrinsic 
factor are emphasized by the observations 
of Andresen and Skouby (Acta med. Scan- 


dinav. 165, 311 (1956)) who have subjected 
a vitamin By-protein complex, prepared 
from a commercial intrinsic factor concen- 
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trate, to physicochemical and clinical tests. 
The first and most fundamental point is 
the need to examine such preparations by as 
many criteria of purity as possible. Although 
several highly purified substances having 
intrinsic factor activity have been described 
during the last few years, the limitations of 
most of the available methods of determin- 
ing purity have made investigators who are 
actively engaged in such isolation work wary 
of claiming that even their most potent and 
highly purified fractions are homogeneous 
(Latner, Merrills, and Raine, Biochem. J. 63, 
501 (1956)). The second point, which has 
been discussed recently by Bunge, Schloes- 
ser, and Schilling (J. Lab. Clin. Med. 48, 735 
(1956)), is whether the ability to bind vita- 
min Bi: is a necessary property of intrinsic 
factor. 

The purification procedure outlined by 
Andresen and Skouby is quite simple. Their 
starting material had a vitamin B,.-binding 
capacity of 0.5 wg. per milligram of dry sub- 
stance. This was dissolved in water, vitamin 
Biz was added, and then the solution was 
dialysed against distilled water to remove 
excess vitamin Bi. and other products of 
low molecular weight. The solution was 
centrifuged and the supernatant liquid was 
retained for further purification. The ratio 
of vitamin By to dry matter, which was 
estimated after each step from spectropho- 
tometric measurements, served to indicate 
the extent of purification. 

The supernatant liquid was treated with 
hydrochloric acid and the precipitate was 
discarded. The remaining solution, which 
contained a clinically active vitamin By:- 
protein complex, was dialysed and was then 
subjected to 2 Kaolin treatments. After the 
second Kaolin treatment a product contain- 
ing 15 yg. of vitamin By». per milligram of 
dry substance, which consisted of at least 2 
components, was obtained. By repeating the 
double Kaolin treatment they were able to 
separate a vitamin B,.-protein complex con- 
taining 18 yg. of vitamin By per milligram 
of dry substance, which appeared homoge- 
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neous upon ultracentrifugal and electrophore- 
tic examination. 

The clinical effectiveness of the complex 
was determined at various stages during 
the purification by testing the products on 
pernicious anemia patients in relapse. A 
daily oral dose of 20 ug. of vitamin By» dur- 
ing a control period of 10 days had no effect 
on the blood picture of the patients. For all 
purification products except the last one, a 
correlation between degree of purification, 
measured as the vitamin Bi. content per 
milligram of dry substance, and clinical ac- 
tivity was observed. The product containing 
15 yg. of vitamin Biz per milligram of dry 
substance produced an optimal clinical re- 
sponse in doses as low as 1.0 milligram per 
day. This observation was based on com- 
parisons, after 3 weeks and 6 weeks, with 
the response to the starting material ad- 
ministered in adequate amounts together 
with vitamin By». Since the component. con- 
taining 18 yg. of vitamin By. per milligram 
of dry substance constituted about 80 per 
cent of the clinically active product the ac- 
tivity was assumed to be associated with 
this fraction. This component, however, pro- 
duced no clinical response and apparently 
the authors did not have sufficient amounts 
of the minor component to permit a deter- 
mination of its clinical effectiveness. 

The authors state that the purest prepa- 
ration with clinical activity which contained 
15 yg. of vitamin By. per milligram of dry 
substance, represented a degree of purifica- 
tion of the original vitamin B,.-binding pro- 
tein of about 30-fold and that the increased 
clinical activity was of the same order. This 
product, which was effective in amounts as 
low as 1 mg. per day, is comparable in activ- 
ity to the mucoprotein of Latner et al. (Ibid.), 
the mucopolypeptide described by Williams, 
Ellenbogen, and Esposito (Proc. Soc. Exp. 
Biol. Med. 87, 480 (1954)), and the cyan- 
ocobalamin-protein complex tested by 
Holdsworth and Otteson (Resumes des Com- 
munications, 3rd Internat. Congr. Biochem. 
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Brussels, p. 116, 1955). Assuming that clin- 
ical activity is retained by the minor com- 
ponent of the complex prepared by Andreson 
and Skouby, the effective dose would be of 
the order of 0.2 milligrams per day and 
calculations from their data (calculations 
that may be questioned in view of the lack 
of direct measurements) indicate that this 
component would be expected to bind 3 ug. 
of vitamin Bi. per milligram of dry sub- 
stance. Unfortunately, since they were un- 
able to test the 2 components of their 
preparation individually they could not 
determine whether both were necessary for 
activity, whether only the minor component 
was essential, or whether activity was de- 
stroyed in the last purification step. 

If there is a vitamin B,.-acceptor protein 
in the mucosa of the gastro-intestinal tract 
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as Glass, Boyd and Stephanson (Science 120, 
74 (1954)) have postulated, it is possible 
that the use of commercial intrinsic factor 
preparations as starting materials for the 
isolation of vitamin B,.-protein complexes 
may lead to the concentration of intrinsic 
factor, clinically inactive acceptor proteins, 
or both. Published data suggest that all 
active intrinsic factor preparations bind vita- 
min By, and that clinically active prepara- 
tions from human gastric juice bind cyan- 
ocobalamin selectively (Bunge et al. Ibid.). 
A critical comparative examination of the 
products described by Andreson and Skouby 
should aid in the solution of some of these 
problems and further observations on the 
homogeneity, vitamin B.-binding capacity, 
and clinical activity of their complexes will 
be awaited with interest. 


SOURCE OF FATTY ACIDS IN FATTY LIVER 


One of the most interesting of the prob- 
lems associated with the accumulation of 
liver fat resulting from a deficiency of lipo- 
tropic agents has concerned the origin of the 
excessive amounts of fatty acids. Several 
groups have shown that fatty acid synthesis 
is normal in choline deficiency (D. Stetten, 
Jr. and J. Salcedo, Jr., J. Biol. Chem. 156, 
27 (1944); K. Bernhard, G. Ulbrecht, M. 
Ulbrecht, and H. Wagner, Helv. Chim. Acta 
37, 1439 (1954)), and that, as a consequence, 
the increase in fat is not due to increased 
synthesis within the liver. It has also been 
stated that fatty acid oxidation is normal in 
the fatty liver (D. Stetten, Jr. and G. F. 
Grail, J. Biol. Chem. 148, 509 (1943); K. 
Bernhard, G. Ulbrecht, M. Ulbrecht, and 
H. Wagner, Helv. Physiol. Acta 14, 343 
(1956)) and that decreased fatty acid oxi- 
dation could not be held responsible for the 
fat accumulation. This latter point is not in 
agreement with the results of C. Artom (J. 
Biol. Chem. 205, 101 (1958)) indicating that 
fatty acid oxidation is decreased in livers of 
choline deficient animals. 


Nevertheless, it seems evident that the 
excess fat is present because of the inability 
of the choline-deficient liver to remove 
normally accumulated fatty acids by trans- 
port or catabolism. 

In order to ascertain whether the fatty 
acids contributing to the liver fat in both 
normal and alipotropic livers are derived 
immediately from the diet or the fat depots, 
H. Wagner, E. Sellig, and K. Bernhard (Z. 
f. physiol. Chem. 306, 96 (1956)) used as a 
tracer erucic acid from rapeseed oil. 

Sixty young male rats were fed diets con- 
sisting of the following percentages: casein, 
8; gelatin, 12; sucrose, 73; agar, 2; and salt 
mixture, 5, plus adequate supplements of the 
B vitamins and cod liver oil. One part of 
rapeseed oil was mixed with nine parts of 
this diet, and half the rats were given 0.5 per 
cent supplemental choline. After 18 days on 
these diets, all rats were killed and the fatty 
acids were obtained from the livers and the 
eviscerated bodies by saponification. Total 
fatty acids and percentages of erucic acid 
and stearic acid were estimated by a quan- 
titative paper chromatographic method. 
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Bodies of both control and choline-de- 
ficient rats contained approximately the 
same mean percentages of total fatty acids 
(8.3 and 8.7), erucic acid (7.6 and 7.5 per 
cent of total) and stearic acid (8.5 and 7.5 
per cent of total). Liver fatty acids, how- 
ever, showed wide differences. In the case 
of the choline-deficient animals, fatty acids 
made up 9.4 per cent of the liver weights, 
while for the controls the fatty acids rep- 
resented only 2.4 per cent. The percentages 
of erucic acid were 7.8 for the choline-de- 
ficient and 3.8 for control rats, while for 
stearic acid these percentages were 14.2 and 
29.1, respectively. 

According to the authors, these figures 
indicate that fatty acids in liver fat are de- 
rived from both depot and dietary fatty 
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acids, both under normal conditions and in 
fatty infiltration. 

However, since all animals were killed 18 
days after the start of the diet, it is difficult 
to say whether the liver erucic acid is de- 
rived directly from the diet or derived in- 
directly via the depots. Moreover, the only 
other fatty acid considered (stearic) was in 
all probability synthesized in the liver and 
not transported to this site from the depots. 
If the changes in liver and body concentra- 
tion of the acids could be followed for several 
days, it is possible that more useful data 
could be obtained. Such an experiment, 
especially if it involved several C-labeled 
fatty acids of the normal dietary type, could 
provide answers to the problems raised in 
this research. 


THE DYNAMIC STATE OF BODY CONSTITUENTS 


The concept of a dynamic state of body 
constituents as proposed by Schoenheimer 
is generally accepted. It is considered that 
the proteins, nucleic acids, and other com- 
ponents within the cell, are in a continual 
state of degradation and resynthesis. The 
time required for one-half of a particular 
component to be replaced is referred to as 
the half-life. Half-lives are determined by 
administering to a group of animals an 
isotopically labeled precursor of a particular 
tissue component. Animals are killed at 
various time intervals and the isotope con- 
tent of the tissue component is determined. 
There will be a steady decrease in isotope 
concentration with time and the period of 
time required for disappearance of one-half 
of the isotope is the half-life. 

D. Shemin and R. Rittenberg (J. Biol. 
Chem. 153, 401 (1944)) used N"-labeled 
glycine to determine the half-life of rat liver 
protein. The value at which they arrived was 
approximately seven days. Similar results 
were obtained by E. P. Tyner, C. Heidel- 
berger, and G. A. LePage (Cancer Research 
12, 158 (1952)), using C-labeled glycine. 


They found the half-life for liver protein to 
be four days and for kidney protein to be 
seven days. Since glycine is also a precursor 
of the purine ring, Tyner et al. (loc. cit.) were 
able to estimate the half-life of liver nucleic 
acids. The values they found were nine days 
for ribonucleic acid and six days for deoxy- 
ribonucleic acid. 

Results such as these are generally inter- 
preted to mean that the protein and nucleic 
acids within the cell are being synthesized 
continually and degraded, and that each 
week approximately one-half of the material 
has been replaced. This concept has been 
seriously challenged with the results of ex- 
periments with cell cultures of microorganism 
and mammalian cells. 

A. L. Koch and H. R. Levy (J. Biol. 
Chem. 217, 947 (1955)) took advantage of 
the fact that EZ. coli will utilize exogenous 
purines, and does not synthesize purines 
when they are supplied in the medium. How- 
ever when the medium contains no purine, 
the organism synthesizes them from simple 
precursors such as glycine. EF. coli was grown 
in a medium containing purines and glycine- 





June 1957) NUTRITION 
2-C™, Under these conditions the protein 
became labeled with C™, but the purines did 
not since they were supplied preformed in 
the medium. The purines and radioactive 
glycine were then removed from the medium 
and the culture was allowed to proliferate. 
If the proteins of this organism were in a 
dynamic state, some of the radioactive 
glycine would be removed from the protein 
and made available for purine synthesis. The 
purines which were synthesized contained no 
appreciable radioactivity. These results indi- 
cate quite strongly that the proteins of E. 
coli are metabolically inert. A similar con- 
clusion has been reached as the result of 
experiments involving the induction of beta- 
galactosidase in E. coli. (Nutrition Reviews 
14, 53 (1956)). 

These experiments were conducted on 
microorganisms, and the data on which the 
concept of dynamic state rests were derived 
from animal experiments. It was then desir- 
able to study this problem with cultures of 
mammalian cells. L. Siminovitch and A. F. 
Graham (J. of Histochemistry and Cyto- 
chemistry 4, 508 (1956)) studied nucleic 
acid turnover in cultures of mouse cells. 
These cells were originally derived from 
mouse connective tissue and may be grown 
in vitro. The cells were cultivated in a me- 
dium containing P® to label the nucleic acids. 
They were then washed free of extracellular 
P® and allowed to propagate in a medium 
devoid of P*. The cells proliferated readily 
and, although the number of cells increased 
by a factor of more than 100, the total 
amount of nucleic acid P® in the culture re- 
mained constant. If the nucleic acids in these 
cells were in a dynamic state some of the 
P® should have been released and replaced by 
unlabeled phosphorus from the medium. The 
results thus indicate that the nucleic acids 
of the mammalian cell cultures in vitro are 
metabolically inert. 

The results of these experiments indicate 
that the protein and nucleic acids of isolated 
cells are metabolically inert and that the so- 
called dynamic state may be peculiar to the 
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intact animal. However, even in the intact 
animal there is evidence that a large portion 


' of tissue constituents are inert metabolically. 


R. C. Thompson and J. E. Ballou (J. Biol. 
Chem. 223, 795 (1956)) have studied meta- 
bolic turnover in intact rats using tritium as 
a tracer. Tritium is a radioactive isotope of 
hydrogen with an atomic weight of 3. It was 
administered to rats in the drinking water as 
tritium oxide. In one experiment mature rats 
were exposed to tritium oxide for four 
months following which groups were killed at 
various time intervals. In another experi- 
ment female rats were exposed to tritium 
oxide during pregnancy and the young 
continued to receive tritium oxide for six 
months. They were then killed at various 
time intervals after tritium oxide was re- 
moved from their body water. Tritium would 
be expected to enter organic compounds as 
does hydrogen. The organically bound tri- 
tium was determined and the rate of its 
disappearance with time was used as a meas- 
ure of the rate of replacement, or turnover, 
of the various tissue fractions. 

With one or two exceptions, similar results 
were obtained with rats exposed to tritium 
only after reaching maturity as compared to 
rats exposed to tritium during conception. 
The concentration of tritium in the organic 
compounds of most tissues was 20 to 30 per 
cent of the concentration of tritium in body 
water during exposure. This indicates that 
approximately one-fourth of organically 
bound hydrogen in the body is derived from 
the hydrogen of body water. 

The organically bound tritium of various 
tissues was plotted as a function of time after 
removal of tritium oxide from the dnu«ing 
water. The shape of the curve indicated that 
tissues contained two types of components. 
One, which comprised approximately 50 per 
cent of most tissues, exhibited a half-life of 
approximately 20 days. The other, a more 
inert component, exhibited a half-life of from 
60 to 300 days. The half-life of collagen was 
estimated to be approximately 1000 days. 

These results demonstrate that even in 
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the intact animal the dynamic state is not a 
characteristic of all tissue components. 

It seems possible that what has been 
considered to represent synthesis and deg- 
radation of tissue components within the 
cell of the intact animal really represents 
death and lysis of cells and their replacement 
with new cells. In this connection it is well 
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known that the tissues exhibiting the highest 
turnover rate of protein and nucleic acids are 
those tissues with the highest mitotic rate. A 
major difference in the experiments with 
isolated mammalian cells in culture and the 
intact animal is that in the tissue culture 
experiments there was essentially no death 
and lysis of cells. 


MECHANISM OF ACTION OF VITAMIN C 


Ascorbic acid holds an unique position 
among the known vitamins. It is synthesized 
in sufficient amounts by most animals with 
the result that only a few, including man 
and the guinea pig, must obtain it from the 
diet. It is a water-soluble vitamin which, 
however, is not a member of the B-complex. 
Moreover, it more closely resembles the 
fat-soluble vitamins in that to date it has 
not been located in a definite coenzyme and, 
indeed, may have various types of action 
on different tissues. 


As a result of this paucity of knowledge of 


its true action, ascorbic acid has been im- 
plicated in many systems. Its reversible 
oxidation-reduction properties are, however, 
so obviously important that most of the 
reasonable proposals are connected with this 
type of action. It has, for example, been 
proposed as a nonspecific reducing agent for 
restoration of -sH-containing enzymes to 
their active forms. There has been consider- 
able support for its role as a detoxifying 
agent (Nutrition Reviews 4, 259 (1946); 6, 
215 (1948)), probably also a nonspecific role. 
Its action in tyrosine oxidation appears to 
be more closely related to a coenzyme-like 
function but in this case, also, other reducing 
agents such as isoascorbic acid are active 
(Nutrition Reviews 11, 17 (1953)). 

The high concentration of ascorbic acid in 
the adrenal glands has led to the idea that 
it may be active in the synthesis or trans- 
formations of the steroid hormones (Nutri- 
tion Reviews 8, 52 (1950)). Having shown 
that ascorbic acid increased the rate of cor- 


ticosteroid biosynthesis in vitro (H. Schmidt 
and Hj. Staudinger, Biochem Z. 326, 288 
(1954)), Hj. Staudinger and his co-workers 
(H. Kersten, W. Kersten and Hj. Staudinger, 
Biochem Z. 328, 24 (1956)) carried out a 
series of experiments designed to disclose 
the mechanism of action of ascorbic acid in 
this case and in general. 

First, it was found that adrenal mitochon- 
dria (hog) retained about 30 mg. of ascorbic 


acid per 100 g. dry weight of tissue even 


after three washings, suggesting that the 
vitamin is an integral part of the mitochon- 
dria. 

Second, it was shown that ascorbic acid 
had a profound activating effect on the ox- 
dation of ppnu (reduced diphosphopyridine 
nucleotide) in the presence of adrenal mito- 
chondria. The reaction was followed spectro- 
photometrically, and the ppn formed was 
reduced quantitatively back to ppnu at the 
end to prove that no irreversible oxidation 
had occurred. The ascorbic acid remained 
reduced during the reaction and no dehydro- 
ascorbic was formed unless mitochondria or 
DPNH were omitted from the reaction vessels, 
thus indicating that in this enzymatic reac- 
tion the hydrogen is actually transported by 
ascorbic acid in some reversible form. De- 
hydroascorbic acid was inactive in the sys- 
tems used. 

That the reaction possesses moderate 
specificity was indicated by the fact that 
p-isoascorbic acid had only one-fifth the 
potency of ascorbic acid for ppNx oxidation. 
TPNH could not be oxidized unless DPN was 
present with it in the reaction mixture. 
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Ascorbic acid proved to be an accelerator 
for oxygen uptake by adrenal mitochondria 
as well as for oxidation of ppNH, presumably 
by the same mechanism. In experiments with 
DPNH as substrate in the presence of versene 
and atp, the mitochondria took up oxygen 
at an appreciable rate only in the presence 
of ascorbic acid. In these experiments, as in 
the spectrophotometric studies, analysis of 
the mixtures following the reaction revealed 
that 50 per cent more ascorbic acid remained 
in the mixture to which ppnu had been 
added than in that containing only ascorbic 
acid and mitochondria. Similarly only 10 
per cent of the pPNH was oxidized in the 
absence of ascorbic acid in the same time 
during which it was totally oxidized in its 
presence. 

The authors considered that the results 
of these experiments pointed to an actual 
participation of ascorbic acid in hydrogen 
transport during oxidation of ppNH by ad- 
renal mitochondria. Since dehydroascorbic 
acid appeared not to be involved, it was pro- 
posed that a “monodehydro” or radical 
intermediate was the active form. Since 
formation of such an intermediate would be 


RIBOFLAVIN DEFICIENCY AND 


A comprehensive study of the effect of 
riboflavin deficiency in the rat upon the con- 
centrations of flavin-adenine dinucleotide 
(FAD) and flavin mononucleotide (FMN), and 
upon the activities of several flavin enzymes 
in various organs, has been reported by H. B. 
Burch, O. H. Lowry, A. M. Padilla, and 
A. M. Combs (J. Biol. Chem. 223, 29 
(1956)). Their investigation represents a 
logical extension of the earlier work on this 
subject (Nutrition Reviews 3, 291 (1945)). 

The first section of this paper consists of a 
comparison. The levels of various flavin 
enzymes and coenzymes in brain, liver, 
kidney and heart of rats fed for periods up 
to 12 weeks in duration on a riboflavin- 
deficient, purified diet (which was otherwise 
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accelerated by ultraviolet light absorption, 
a study of ppnu oxidation by adrenal mito- 
chondria with half the flasks irradiated by 
polychromatic ultraviolet light was under- 
taken. It was found that the irradiation had 
no effect unless ascorbic acid was present in 
the mixture whenit produced an acceleration 
of the ppNnu oxidation. That this acceleration 
was not produced by peroxides formed under 
the influence of the irradiation was shown 
by testing for the presence of such com- 
pounds and by carrying out the same series 
of reactions in the presence of catalase with 
the same results. 

Although these experiments have shown 
that ascorbic acid plays some part in the 
oxidations carried out by adrenal mitochon- 
dria, considerably more information remains 
to be gained before its function can be pin- 
pointed with any degree of certainty. The 
exact point at which ascorbic acid partici- 
pates in electron or proton transfer should be 
ascertained. The formation, if any, of active 
phosphate should be investigated. Finally, 
it should be determined whether this function 
is a general one for other tissues or is limited 
to adrenal tissue. 


FLAVIN ENZYMES OF TISSUES 


adequate) was compared with those from 
these organs of comparable animals receiving 
ad libitum the basal diet supplemented with 
a low, or a high, level of riboflavin. A weight- 
control group was also included which re- 
ceived diet in 
sufficient only to maintain weight equal to 
that of the deficient group. 

The second section of the paper describes 
the results of repletion experiments in which 
rats, depleted for five to six weeks, were 
given intraperitoneal injections of 600 micro- 
grams of riboflavin; some of these rats 


the complete quantities 


received another 400 micrograms of ribo- 
flavin 12 hours later. At various intervals up 
to 24 hours after the initial injection all 
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were killed and the same estimations were 
carried out on liver and kidney. 

The coenzymes, FAD and FMN, were meas- 
ured fluorometrically, as was also the activity 
of xanthine oxidase. The other enzyme 
activities (diphosphopyridine nucleotide 
(ppNH) dehydrogenase and amino acid and 
glycolic acid oxidases) were measured by 
spectrophotometric methods. 

The levels of rmn in the different organs 
of the undepleted rats varied considerably. 
For brain, liver, kidney and heart, respec- 
tively, they were 0.7, 5.7, 16.0 and 1.6 
micrograms per gram (expressed as ribo- 
flavin). The values for rap, given in the 
same organ sequence, were 2.4, 27.0, 19.1 and 
18.7 micrograms per gram. The coenzymes 
differed appreciably in the rate and extent 
of depletion in rats fed on the riboflavin- 
deficient diet, rmn generally being depleted 
more rapidly and more extensively than 
FAD. FMN had almost disappeared from the 
liver and rap had been depleted to the extent 
of about 70 per cent in rats that received the 
deficient diet for 12 weeks. Kidney and heart 
were more resistant to depletion than liver. 
Both coenzymes appeared to be quite tena- 
ciously held by brain, even when the defi- 
ciency was severe. Weight control animals 
had significantly lower FMwn levels in liver, 
kidney, and heart than did the control rats 
fed ad libitum. Since the organs of these rats 
were larger, the total coenzyme concen- 
trations were higher. FAD appeared unaf- 
fected by food restriction. 

The activities of the various flavin en- 
zymes also differed greatly from organ to 
organ in the normal animals. The enzymes 
measured had levels highest in liver and 
kidney, lowest in brain, and intermediate 
in heart. p-amino acid oxidase was highest 
in kidney, one-tenth as high in liver and one- 
hundredth as high in brain and heart. L- 
amino acid oxidase was three times as high 
in kidney as in liver. Xanthine oxidase was 
highest in liver, half as high in kidney, one 
tenth as high in heart, and was not measur- 
able in brain. Glycolic acid oxidase was 100 
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times higher in liver than in kidney and was 
not detectable in heart and brain, while 
glycine oxidase was three times as high in 
kidney as in liver. Liver contained twice as 
much ppNH dehydrogenase as heart or 
kidney, and ten times as much as brain. 

DPNH dehydrogenase decreased only 
slightly in the organs examined, even in 
severe deficiency, and was relatively un- 
affected by food restriction. After 12 weeks of 
deficiency, liver xanthine oxidase had de- 
creased to 35 per cent of the control value, 
paralleling very closely the decrease in FAD. 
Kidney xanthine oxidase was less affected. 
D-amino acid oxidase decreased much more 
rapidly in liver than in kidney, declining to 
35 per cent of control values in about three 
weeks. Heart and brain values were slightly 
affected. Glycolic acid oxidase disappeared 
almost completely from the livers of animals 
fed on the deficient diet for 12 weeks, and 
paralleled closely the decrease in rmn. After 
six weeks, glycine oxidase was only 20 per 
cent of the control value, whereas L-amino 
acid oxidation remained at 70 per cent of 
the control value. In kidney neither of the 
latter two enzymes had dropped below the 
value for weight-controls in rats kept on the 
deficient diet for six weeks. In both liver 
and kidney, the activities of most of the 
enzymes estimated were lower in the weight 
control animals than in the ad libitum control 
animals. 

In repletion experiments, FAD was rapidly 
restored after a single injection of 600 micro- 
grams of riboflavin. rmNn was restored more 
slowly in both liver and kidney. Glycolic 
acid oxidase, p-amino acid oxidase, and 
xanthine oxidase activities in liver increased 
substantially within a few hours. The 
changes in the kidney levels, although less 
dramatic, were also rapid. The rate of oxi- 
dation of t-amino acids and glycine in- 
creased more slowly. 

Experiments, in vitro, in which glycolic 


.acid oxidase activity and p-amino acid oxi- 


dase activity were measured in homogenates 
of deficient liver incubated in the presence 
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of FMN and FAD, demonstrated that the 
apoenzyme, as well as the coenzyme, was 
depleted during deficiency. 

The most striking features of this study 
are, as pointed out by the authors, the 
range in sensitivity to deficiency among the 
various flavin enzymes and the differences 
in the effect of deficiency in different tissues. 
In the liver, for example, glycolic oxidase 
was reduced to 8 per cent of the control 
value within six weeks while ppnH dehy- 
drogenase was reduced by only 10 per cent. 
Also, nearly all of the renal enzymes were 
more resistant to depletion than were the 
liver enzymes. Although there was some 
evidence for more rapid depletion of en- 
zymes known to be more readily dissociated 
from their prosthetic groups, this was by no 
means completely proved true and it appears 
possible that some other protective mecha- 
nism plays a role. 

Some mention might be made of two other 
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points of general significance in enzyme 
studies. The first is the use of the pair- 
feeding or weight-control technic. It is 
evident from this study, and has been shown 
before, that artifically restricting food intake 
can, in itself, cause changes in the enzyme 
activity of organs. The use of animals suf- 
fering such stress as control animals is a 
questionable procedure and may well either 
mask or exaggerate differences. The authors 
of this paper wisely used both types of con- 
trols. The second point is the necessity of 
observing changes in total enzyme activity, 
as well as changes in enzyme concentration. 
A marked depletion in liver constituents 
other than the enzyme would result in in- 
creased enzyme concentration but no change 
in total enzyme activity, and, on the other 
hand, an increase in liver size without any 
detectable increase in enzyme concentration 
might lead to a substantial increase in total 
enzyme activity. 


SULFATED POLYSACCHARIDES AND ATHEROSCLEROSIS 


Many lines of investigation are being 
pursued in man and experimental animals 
to find a way of preventing, or controlling, 
the arterial damaging process of atheroscle- 
rosis, this country’s most lethal disease. 
Dietary control, estrogen therapy, and sito- 
sterol therapy are all receiving intensive 
study to determine if they will prevent or re- 
verse the atherosclerotic process. The sul- 
fated polysaccharides are being studied 
because heparin, a naturally occurring mem- 
ber of this group, has a definite ability to 
prevent the development of atherosclerosis 
in cholesterol-fed rabbits (D. M. Graham, 
et al., Circulation 4, 666 (1951); P. Constan- 
tinides, G. Szasz, and F. Harder, A. M. A. 
Arch. Path. 56, 36 (1953); L. Horlick and 
G. L. Duff. A. M. A. Arch. Path. 51, 417 
(1954)). Heparin seems to be effective be- 
cause it activates a “lipemia-clearing factor” 
and thus promotes enzymatic lipolysis. A 
synthetic heparinoid, sulfated alginic acid 


(sAA), has also been shown to have anti- 
lipemic and atherosclerosis-modifying prop- 
erties in the rabbit. Additionally, it promotes 
marked lipid phagocytosis in the spleen (N. 
Gutmann and P. Constantinides, A.M.A. 
Arch. Path. 69, 717 (1955)). In the present 
study this synthetic sulfated polysaccharide 
(SAA) was compared to heparin in respect 
to its effects on pre-established athero- 
sclerosis in the rabbit (P. Constantinides, P. 
Saunders, and A. Wood, A. M. A. Arch. 
Path. 62, 369 (1956)). 

A group of 68 rabbits served as experi- 
mental subjects after having been selected 
from a larger group on the basis of compara- 
ble degrees of lipemia, and because the 68 
animals were similar in the speed with which 
they had developed lipemia during a three 
month period of being fed a 1% cholesterol 
ration. Four experimental groups were 
studied: The animals of Group I served as 
“early controls’, and were killed at the 
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beginning of the therapeutic period; Group 
IT was the “late control” group, continuing 
on the cholesterol feeding for two more 
months before being killed; Groups III and 
IV were also continued on the cholesterol 
feeding for the additional two months, and 
during this period they were given daily 
injections of heparin and saa, respectively. 

In addition to detailed autopsy records, 
the animals were evaluated in terms of serum 
turbidity and serum cholesterol, total aortic 
atheroma areas, total cholesterol content of 
the aorta, and histological study of the 
aortas and coronary arteries for lipid con- 
taining plaques, calcification under the 
plaque, splenic lipid deposition, and similar 
conditions. 

SAA proved to be much more effective than 
heparin in reducing serum turbidity and, in 
contrast to heparin which had no significant 
effect on serum cholesterol, the saa _in- 
jections reduced the serum cholesterol 
significantly. In addition saa proved to be 
capable of preventing further increase and 
perhaps decreasing, the area of the aortas 
occupied by atheromatous plaques. It also 
prevented further accumulation of choles- 
terol in the plaques, while heparin had no 
significant effect on cholesterol deposition. 
The plaques of the saa-and heparin-treated 
rabbits showed umbilication and gross loss 
of lipid with increased calcification of the 
underlying media. Furthermore, histological 
examination showed little sudanophilic 
material remaining in the plaques from the 
treated animals. It is regrettable that total 
lipid or neutral fat analyses were not per- 
formed on the aortas, since it appears likely 
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that there was more effect on this type of 
lipid than cholesterol. 

SAA also appeared to have a significant 
effect in retarding the process of coronary 
atherosclerosis and in reducing the incidence 
of myocardial necrosis. The effect of saa 
differed particularly from that of heparin in 
that it produced large lipid-laden spleens, 
while heparin decreased the xanthomatosis 
of this organ as compared to the control 
animals. More renal glomerular lipid was 
also observed in the saa treated groups, but 
this appeared to be associated with pro- 
tection of these animals from renal scarring. 
Two animals died from massive hemorrhage 
early in the therapeutic period in each of the 
treated groups, but reduction in the quanti- 
ties of administered heparin and saa elimi- 
nated this complication. 

In discussing their results, the authors 
suggest that saa has a more potent retard- 
ing effect and possibly a therapeutic one, on 
experimental atherosclerosis in the rabbit 
because it not only stimulates enzymatic 
lipolysis but also induces cellular lipo- 
phagia, particularly in the spleen. They also 
suggest that the sulfated polysaccharides 
may stimulate local lipolysis and/or lipopha- 


‘gia in the vascular wall. The remarkable 


calcification observed beneath the regressing 
atheromatous lesions in the treated rabbits 
is interpreted as indicating the formation of 
calcium soaps from the fatty acids liberated 
by hydrolysis. 

It is likely that this study will stimulate 
further experimental work in species such as 
rat and monkey, where the atherosclerotic 
process occurs without the extreme ele- 
vations in serum and tissue cholesterol. 


THE ROLE OF CITRATE IN BONE METABOLISM 


Calcium is of nutritional significance in 
part because of the difficulty with which it 
is absorbed from the gastrointestinal tract, a 
process which is specifically dependent on 
an adequate supply of vitamin D. Of the 


many obscurities in our understanding of 
calcium and bone metabolism, one concerns 
the relation between calcium and citrate in 
bone metabolism. It has been demonstrated 
that bone contains a high concentration of 
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citrate, which may become as high as 6 per 
cent in the protein and fat free gull bone (T. 
Thunberg, Kgl, Fysiograf. Sdilskap.. Lund. 
Férh 11, 42 (1941)). 

Considerable evidence has accumulated 
indicating a relationship between para- 
thyroid function and citric acid metabolism. 
Parallel increases in the plasma levels of 
citrate and calcium in nephrectomized and 
parathyroidectomized dogs have been ob- 
served to follow the injection of either 
calcium or citrate (T. 8. Chang and S. 
Freeman, Am. J. Physiol. 160, 341 (1950)), 
parathyroid extract (W. Alwell, Acta med. 
Scandinav. 116, 337 (1944)), and vitamin D 
(T. 8S. Chang and 8. Freeman, Am. J. Phys- 
iol. 160, 341 (1950)). J. R. Elliott and S. 
Freeman, (Endocrinology 69, 181 (1956)) 
have observed a transient increase in plasma 
citrate and calcium levels following nephrec- 
tomy in the dog, rat, rabbit, and guinea pig, 
but not in the baboon or monkey. This 
increase did not occur in the rat and rabbit 
when the animals were parathyroidec- 


tomized prior to nephrectomy. The response 
could be restored by the administration of 
parathyroid extract but not by the admin- 
istration of vitamin D. Bécause it had been 
shown that vitamin D can elicit a rise in 
serum citrate when given to normal animals, 


J. R. Elliott and S. Freeman (Endocri- 
nology 59, 196 (1956)) have compared the 
rise in plasma citrate when comparable 
degrees of hypercalcemia were produced 
either with vitamin D or parathyroid ex- 
tracts in intact and parathyroidectomized 
rats. With plasma calcium concentrations 
of about 15 mg% the plasma citrate was 10 
to 11 mg % in the rats receiving vitamin D, 
and 7.5 to 8.0 mg % in the rats receiving 
parathyroid extract. 

The possibility that the bone cells are the 
source of bone citrate, and possibly plasma 
citrate, was suggested by the observations of 
T. F. Dixon and H. R. Perkins (Biochem. 
J. 62, 260 (1952)) who found that the 
citrate-forming citrogenase system was 
readily demonstrable in bone, but that the 
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citrate-removing system of the Krebs cycle 
(triphosphopyridine nucleotide linked iso- 
citrate dehydrogenase) possessed a low 
order of activity. This imbalance of enzyme 
activities could lead to the local production 
of citrate in the bone. 

W. F. Neuman et al. (J. Am. Chem. Soc. 
78, 3863 (1956)) have made an interesting 
observation which, if confirmed, provides 
direct evidence indicating that plasma cit- 
rate is derived from bone citrate. Blood was 
collected through a small hole leading di- 
rectly into the spongy bone of the femur of 
dogs. Such blood possessed a much greater 
arterio-venous difference of radioactive 
strontium than peripheral or marrow blood, 
indicating that the blood sampled had 
actively perfused the bone and was not 
simply hemorrhagic contamination. A com- 
parison was made of the plasma citrate in 
spongiosal blood at various intervals follow- 
ing the administration of parathyroid 
extract. Almost immediately after the ad- 
ministration of the parathyroid extract, 
there was a significant rise in the citrate of 
the spongiosal sample which preceded the 
rise in arterial citrate. The authors suggest, 
without documentation, that parathyroid 
extract leads to the production of citrate by 
destroying triphosphopyridine nucleotide, 
the co-factor participating in the further 
metabolism of isocitrate. 

W. F. Neuman and M. W. Neuman 
(Am. J. Med. 32, 123 (1956)) have, on the 
basis of these new data, formulated a chal- 
lenging new concept of calcium and bone 
metabolism. On the basis of the solubility 
of calcium and phosphate ions in the pres- 
ence of apatite (the crystalline structure 
found in bone) they have come to the con- 
clusion that the bone salts exist in a super- 
saturated state in serum in respect to 
apatite. Previously, students of bone metab- 
olism had generally adhered to the view of 
F. Albright and E. C. Reifenstein, Jr. (The 
Parathyroid Glands and Metabolic Bone 
Disease, Baltimore, 1948) which held that 
the plasma was undersaturated in respect to 
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bone minerals. Calcification, according to 
the older view, required the physiologic 
activity of osteoblasts to produce the local 
environment conducive to calcification. 
Albright and Reifenstein interpreted para- 
thyroid action as one primarily on the kidney 
to promote phosphate excretion, and changes 
in calcium were determined by the plasma 
phosphate level. 

The view that Neuman and Neuman 
propose is that calcification of matrix is spon- 
taneous and continuous from a_ super- 
saturated solution. If this is true, the prob- 
lem of the process of calcification is easily 
explained but the maintenance of the super- 
saturated condition of plasma and extracel- 
lular fluid must be an active process. A 
major role is assigned by the Neumans to 
the local secretion of citric acid by osteo- 
cytes, which chelates calcium and transports 
it back to the circulation. After the me- 


REVIEWS [Vol. 15, No. 6 
tabolism of citrate by other tissues, the 
calcium would remain in the plasma and ex- 
tracellular fluids to maintain the supersatu- 
rated state. The role of the parathyroid, 
according to this scheme, would be to regu- 
late the production of citric acid by the 
bone cells. 

Attractive as this theory appears, it does 
not explain many important clinical and 
experimental observations indicating an 
effect of the parathyroid glands on the renal 
clearance of phosphate. In many patients 
with hyperparathyroidism, the manifes- 
tations of the disease seem to be primarily 
related to increased phosphate excretion in 
the absence of bone disease. The importance 
of the new theory is that it relates para- 
thyroid action to the rapidly growing body 
of information concerning bone citrate. 
This appears to be a rapidly developing 
field of investigation and further advances 
may be anticipated. 


NOTES 


Diet Supplementation for Burned Patients 


Nutritional treatment of severely burned 
patients was discussed by Artz, Soroff, 
Pearson, and Hummel (Am. J. Clin. Nutri- 
tion 4, 642 (1956)). They described a high 
protein, chocolate-malted milk type of drink 
which they have used as an in-between-meal 
supplement in order to minimize nitrogen 
depletion and speed nitrogen repletion in 
these patients. 

With this highly palatable oral supple- 
ment to a good diet offered ad libitum, they 
were able to maintain an average daily in- 
take of 95 g. of protein and 3000 Calories 
during the period of negative nitrogen 
balance in a group of severely burned pa- 
tients. Toward the end of the study period, 
the average daily intake approached 200 g. 
of protein and 5000 Calories. This supple- 
ment has been used to advantage by the 
authors in the treatment of more than 600 
burned patients over a period of four years. 


Thiamine Deficiency in Cats 


A distinctive clinical syndrome with pre- 
dominantly nervous manifestations, de- 
scribed as chastek paralysis, was reported to 
occur when foxes were fed raw carp (R. G. 
Green, Minn. Wildlife Disease Investigation 
2, 206 (1936)). The disease could be cured 
with thiamine, and the extensive studies of 
H. F. Deutsch and A. D. Hasler (Proc. Soc. 
Exp. Biol. Med. 53, 63 (1943)) indicated that 
the thiamine-inactivating enzyme (thiami- 
nase) was prevalent in a number of American 
fresh water fish. 

Workers at the New York State College 
of Veterinary Medicine at Cornell Uni- 
versity have recently reported the natural 
occurrence of thiamine deficiency in cats fed 
a diet of canned commercial cat food con- 
taining whole fish (K. V. Jubb, L. Z. 
Saunders and Helen V. Coates. J. Comp. 
Path. 66, 217 (1956)). 

The critica] phase of the disease was char- 





June 1957) 


acterized by convulsions, head ventroflec- 
tion, ataxia, and spastic tonus. The syn- 
drome appears to be identical with the con- 
dition produced by D. C. Smith and L. M. 
Proutt (Proc. Soc. Exp. Biol. Med. 56, 1 
(1955)) who fed cats a diet of carp or salt 
fish herring. 

Although fish is popularly considered to 
be an excellent food for cats, the data pre- 
sented by the New York workers indicate 
that diets consisting largely of whole fish 
may be detrimental to the health of cats. 

In this connection the observations of 
D. L. Coffin and J. Holzworth (Cornell Vet. 
44, 63 (1954)) and D. R. Cordy (Ibid. 44, 
810 (1954)) deserve mention. These workers 
attributed the occurrence of steatitis (‘“‘yel- 
low fat’’) in cats to the feeding of commercial 
canned cat food consisting predominantly of 
whole fish. They considered the condition 
was due to a deficiency of vitamin E result- 
ing from the large amounts of unsaturated 
fatty acids in the diet. 

The New York workers note that during 
the course of a year as many as 60 species of 
fish taken on the Atlantic, Gulf, or Pacific 
coasts, may be incorporated in the commer- 
cial cat food. They note that not all batches 
of fish will lead to thiamine deficiency, and 
that variation may be due to a number of 
factors, including the method of processing 
and the species of fish used. 


Plant Sterols in the Treatment of Familial 
Hypercholesterolemia 


The administration of sitosterols to ex- 
perimental animals and to man, in an effort 
to control or reduce the cholesterol levels 
has been at least partially successful in those 
patients having hypercholesterolemia (Nu- 
trition Reviews 14, 39 (1956); 15, 45 (1957)). 
Familial hypercholesterolemia (S.  V. 
Thannhauser Lipidoses: Diseases of the 
Cellular Lipid Metabolism, N. Y., Oxford 
(1950)) is a disease entity in which persistent 
hypercholesterolemia, and relatively early 
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demise from occlusive vascular disease, are 
noted. 

A. H. Levkoff and K. T. Knode (Pediatrics 
19, 88 (1957)) have observed two siblings, 
aged 10 and 11 years, from a family in 
which two maternal uncles and the mother 
had died suddenly at the relatively early 
ages of 50, 51, and 47 from occlusive vascular 
disease. A high concentration of total cho- 
lesterol in the serum of the mother had been 
demonstrated for some time prior to her 
death. These two children were thought to 
have the forme fruste of familial hypercho- 
lesterolemia, being completely asymptomatic 
except for the presence of serum cholesterol 
concentrations of 338 mg. and 354 mg. per 
cent. 

The children were placed on a free diet. 
After the previously mentioned observations 
were made, beta sitosterol was given three 
times daily immediately before meals in a 
dose of 20 ml. of a 20 per cent suspension. 
During the subsequent two weeks the serum 
cholesterol levels decreased to concentra- 
tions just below 300 mg. per cent in the pa- 
tient with the higher initial value, and to 
approximately 250 mg. per cent in the pa- 
tient with the lower initial value. After 
another two weeks on a low cholesterol diet 
containing approximately 110 mg. of cho- 
lesterol daily, there was little further change 
in the serum cholesterol concentration. There 
was a very slight rise in the serum cho- 
lesterol in a third two-week period on the 
low cholesterol diet, during which the 
sitosterol was discontinued. In one patient 
a subsequent period on a cholesterol-free 
diet for two weeks was associated with serum 
cholesterol concentrations in the same range 
as those seen on the free diet containing 
sitosterol. 

Although these observations are of rela- 
tively short duration, an initial decrease in 
serum cholesterol of a significant degree 
appears to have occurred. As pointed out by 
Levkoff and Knode, it is still problematic 
whether or not the reduction of serum cho- 
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lesterol concentration might prevent the 
atherosclerotic complications of this familial 
disease. These case reports are of interest 
because they suggest that another familial 
disease of intermediary metabolism may be 
susceptible to some degree of nutritional 
management. 


Vitamin B,. Content of Human Liver 


The absorption of vitamin By» from the 
gastro-intestinal tract requires the presence 
of the intrinsic factor from the gastric 
mucosa. Following total gastrectomy, with 
the consequent deficiency of intrinsic factor, 
vitamin By absorption should be completely 
blocked. The major clinical sign of By de- 
ficiency, macrocytic anemia, develops only 
after several years following total gastrec- 
tomy and in the absence of parenteral ad- 
ministration of the vitamin. This suggests 
that the tissues are able to store relatively 
large quantities of vitamin By in relation- 
ship to the daily requirement. 

M. E. Swendseid, E. Hvolboll, G. Schick, 
and J. A. Holsted (Blood 12, 24 (1957)) have 
determined the vitamin By, concentration of 
the livers from 132 autopsy cases. The sub- 
jects were randomly selected except that 
cases with a history of parenteral adminis- 
tration of vitamin B, were not included and 
cases of cirrhosis of the liver were considered 
separately. The ages of the subjects ranged 
from 20 to 79 years. 

The average value for vitamin By con- 
centration in human liver obtained in the 
study was approximately 0.72 micrograms 
per gram of wet liver. There was no rela- 
tionship of age to liver By concentration, 
which is of interest in view of the suggestion 
that absorption of the vitamin is impaired 
in aged individuals (Nutrition Reviews 14, 
294 (1956)). In ten cases of cirrhosis of the 
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liver the 
was 0.26 


average concentration of liver By 
micrograms per gram, and in two 
of untreated pernicious anemia the 
liver By concentration was less than 0.10 
micrograms per gram. 

The authors calculated that, based on the 
average liver By concentration obtained in 
the study, the total liver should contain 
enough of the vitamin to supply the indi- 
vidual’s requirement for approximately 
three years. This is in agreement with the 
observation on the time required to develop 
macrocytic anemia following gastrectomy. 
The low levels of By in cirrhotic livers is of 
interest in view of the anemia which fre- 
quently accompanies this condition. 


“ases 


Recent Nutrition Books 


Handbook of Biological Data. William 8. 
Spector, Editor. Published by W. B. 
Saunders Philadelphia. Pp. 
542. 


Eiyogaku No Saishin-Chishiki (This is the 


Company, 


Japanese edition of Present Knowledge in 
Nutrition, Second Edition. Published by 
The Nutrition Foundation, Ine.) Pub- 
lished November 30, 1956 by The Dai-Ichi 
Shuppan Kabushiki-Kaisha, 1-chome 39, 
Kanda, Jimbo-cho, Chiyoda-ku, Tokyo, 
Japan. 

An Inventory of Social and Economic Re- 
search in Health. Fifth Edition. Compiled 
by Frederick R. Strunk. Health Informa- 
tion Foundation, 420 Lexington Avenue, 
New York17,N. Y.1956 Edition. Pp. 254. 


Erratum 


Nutrition Reviews 15, 37 (1957). Nutritional 
Pernicious Anemia. All of the serum 
values in this review indicated to be 
micrograms per cent should have been 
micromicrograms per ml. 
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tion are: (1) the development of a comprehensive program of fundamental — 
research, providing basic information in the. science of nutrition; and (2) 
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quently modified by special referees and may be‘further modified by the 
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tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bers to individual reviews. There is thus s high degree of group responsi- 
bility on the part of the Editor and Associate Editors. 
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